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In-depth software 


^<<Tat your fingertips^ 
for the finest 24-bit 
_I/C compute r buw 
r..DDP-i 24 



Every /l-COMP DDP-124 includes 253 field-proven 
software programs, FORTRAN IV compiler with Boolean 
capabilities, compatible symbolic assembler. . . and 
more. That’s a lot of 24-bit software strength at your 
fingertips to help solve your programming problems. 

Hardware? DDP-124 features I/C ix-PAC logic modules 
for high reliability, high performance, high speed at low 
cost. . . and its specs make it an ideal computer for 
flight simulation, message switching, physics research, 
radar tracking, data acquisition, scientific computation, 
missile tracking, impact prediction. 

Interested In the finest 24-bit I/C computer? Write today 
for new DDP-124 brochures with complete software 
listing. Honeywell, Computer Control Division, Did 
Connecticut Path, Framingham, Massachusetts 01701. 

Honeywell 

COMPUTER CONTROL 

DIVISION 
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Now available in 60 days: 

The first real 
real-time monitor with a 
S4-bit computer. 



Only our SEL-840A general-purpose computer has it. A unique monitor per¬ 
mits time-sharing execution, including batch processing of background 
programs, task scheduling of foreground programs and on-line debugging. 
And the complete package delivers in only 60 days! 

Twenty percent less expensive and with twice the throughput (572K words/ 
sec.) of its nearest competitor, the SEL-840A is also the only 24-bit real-time 
computer with an independent, concurrent floating-point arithmetic unit. 
Price: $54,500. 

For further information, write for BULLETIN 9056A, or contact Systems 
Engineering Laboratories, Inc., 6901 West Sunrise Blvd., Fort Lauderdale, 
Fla. 33310. Area Code 305-587-2900. Offices also in Washington, D.C.; 
Los Angeles, California; Boston, Massachusetts; San Francisco, California; 
Cleveland, Ohio; Houston, Texas; Huntsville, Alabama; and Orlando, Florida. 

Syst:em8 Engineering Laboratories 
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Photoelectric 


It solves 

interface logic problems (strobe, shift 
and interlock included) 

It eliminates 

customer code conversions (built-in 
universal encoding) 

It provides 

dual code outputs (any code or code 
combination up to fourteen bits . .. 
simultaneous outputs for codes that 
total 14 bits or less) 

It prevents 


In addition to these unique advantages, 
the INVAC SERIES-200 Photoelectric 
Keyboard provides all of the standard 
features found on all keyboards 
manufactured by Invac Corporation. 
These Include universal code selection 
and engraving of keys, choice of 
number of keys, keyboard lockout and 
a true typewriter “feel”. 

Invac Corporation also makes 
Photoelectric Keyboards as manual 
input devices. But chances are you 
need more than just a manual Input 
device. Consider, for example, the 
functions to be performed by the 
keyboard and the peripheral equipment. 
The INVAC SERIES-200 Photoelectric 
Keyboard with Its universal encoding 
capability will perform them all and at 
less cost. This is also true In systems 
where code changes are planned, or in 
effect. Since these savings are realized 
at each station, the total savings for 
large systems are significant indeed. 

Write for information on the new 
INVAC SERIES-200 Photoelectric 
Keyboard. It’s new, it’s reliable, 
it’s a great cost saving performer. 


more than 
just a Manual 
Input Device 


invalid code generation (blocks unused 
code keys, automatically) 

It minimizes 

external storage registers or buffers 
(simple speed maximizer prevents 
operator from exceeding system 
speed) 


IT'S INVAC FOR ADVANCED PERIPHERAL EQUIPMENT 


••••••• 

. “ INVAC 


CORPORATION 

26 Fox Road, Waltham, Mass. 02154 
Tel. (617) 899-2380 
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^^vices 


If your work has anything to do with visual readout, there's 
something in this lEE Catalog for you. It contains the most 
complete, up-to-date information available on rear projection 
readouts. If you design, manufacture, market or use products 
requiring visual display, you should become familiar with current 
developments in rear projection display. It’s in this catalog. The 
catalog explains the operating principles of rear projection read¬ 
outs. It also describes the unique results you get with this product. 

You will easily see why it is specified for applications 
• requiring readability, appearance and versatility. One of these 
applications could be yours. In addition to specifications on the complete 
line of lEE projection readouts, the catalog includes information 
on displays, assemblies, accessories, lamps and prices. It’s complete. 

Ask us for a copy now. 

The Rear Projection Readout: When one of the 12 lamps at 
the rear of the readout is lighted, it illuminates one of 12 
film messages, focuses it through a lens system, and 
projects it onto the non-glare viewing screen at the front. 
The displayed message is clearly and distinctly projected on a single plane, 
with no obstruction from unlighted filaments. There is a wide viewing angle 
and a minimum of interference from ambient light. It Is extremely versatile, since 
anything that can be put on film can be displayed on an lEE readout. That 
includes any combination of colors, symbols, numbers, letters and words. 
A total of five different models offering character sizes ranging from to 


"I double-E,” the world’s largest manufacturer of rear projection readouts. 
Industrial Electronic Engineers, Inc., 7720 Lemona Ave., Van Nuys, Calif. 
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Better monolithic I. C. modules: 
Sometimes it pays to wait. 


Even DIGITAL waited. Until now, despite the technological 
accomplishment, there was just no way to get the cost and 
performance of I.C. modules significantly less than the cost 
and performance of discrete component modules. 

But things have changed. DIGITAL will deliver, in August, a 
new line of Integrated circuit modules — functional logic 
arrays of high speed TTL’s In dual in-line packages, designed 
to operate from dc to 10 MHz. The module line encompasses 
every basic system function, and features high fan out, high 
capacitance drive capabilities, and excellent noise margins. 

Waiting has had these advantages: the I.C.’s are the latest, 


best, least expensive. Cost vs. performance are now vastly 
improved for the first time. Lowest cost per gate, for example. 
The technology of dual in-line TTL’s has assets not availa¬ 
ble in previous I.C. modules. 

The boards are identical in size to the FLIP CHIP'^'^ modules, 
but with 36, rather than 18, pins. Pin sockets and mounting 
panels, as well as other standardized hardware, are availa¬ 
ble. All new hardware is compatible with the other FLIP 
CHIPS^^. 

We call the new line: M series. Write for further details now. 
Delivery in August. 



fviODULES • carviPUTEns 


digital equipment corporation, Maynard, Massachusetts 01754. Telephone: (617) 897-8821 • Cambridge, Mass. • New Haven • Washington, D.C. • Parsippany, 
N.J. • Rochester, N.Y.. Philadelphia • Huntsvilk- • Pittsburgh • Chicago • Denver • Ann Arbor. Houston • Los Angeles • Palo Alto • Seattle • Carleton Place and Toronto, 
Ont. • Reading, England • Paris, France • Munich and Cologne. Germany . Sydney and West Perth, Australia • Modules distributed also through Allied Radio 


























How to build one-of-a-kind or 
the first of many systems: 
multi-function MOS ultra logic 


With AMI Ultra-Logic I and II, plus compatible shift 
registers, you can put together any digital electronic 
system which will operate up to one megahertz over 
the full military temperature range. AMI’S UL I, Gating 
& Storage Element and UL II, Expandable Gate Array 
multiply out to virtually unlimited design opportunities. 
With Ultra-Logic I, different and usable arrangements 
up to 23*^ can be accomplished. Ultra-Logic II can be 
interconnected to provide interface with bipolar de¬ 
vices. Take a look. Imagination is the only limitation. 

Because interconnection of functions contained In 
a single circuit is performed externally, you can use 
Ultra-Logic I and II as breadboard tools over and over 
again, then easily convert a breadboarded system to 
large scale integrated microelectronics without loss 
in performance or expensive redesign. They’re also 
the low cost way to build one-of-a-kind systems. 

A minimum lab stock of AMI MOS elements puts 
versatility in your hands-removes limitations to sys¬ 
tems thinking, and keeps the number of different type 
parts In the storeroom way down. AMI is delivering 
over a dozen MOS circuits and devices off the shelf. 
Including Ultra Logic I and II. Proof? If your order Is 
in today, we’ll ship this week-ln either sample or pro¬ 
duction quantities. 


Ready to move into custom large scale arrays? At 
AMI, MOS technology is not a '‘someday” capability. 
It’s on-stream, in depth, right now—in a customer- 
vendor environment that allows you to accomplish 
your objectives. Your inquiry Invited. 


Ultra Logic I—Gating and Storage Element 

(Shown as: Dual J-K/Clear Flip-Flop) 

Functions: One Bit Delay ° Binary Counter (T Flip-Flop) ° J-K/ 

Clear Flip-Flop ° J-K/ 
Load Flip-Flop ° RS Flip- 
Flop with R Override and 
Clear ° Sample & Hold 
° Complemented Data 
Sample & Hold Flip-Flop 
with Clear ° AB Compar¬ 
ator D Two Stream Select 
Gate a Two Input NOR 
° Two input AND ° Pre¬ 
charge to Level 


Ultra Logic II—Expandable Gate Array 

(Shown as Clock Generator) 

Functions: 1 to 8 Channel Analog Switch ° Dual One to Four- 
Channel Analog Switch ° Dual Single Device ° Single Dual Device 
D Multi-Purpose Expandable Four-Gate Array □ Single high gm 

transistor (gm 30,000) 
° Quad inverter and a 4- 
input expander gate ° 
NOR gate varying in width 
from 1 term (inverter) to a 
maximum of 5 terms, and 
a triple inverter ° Quad 
2-input gate ° Dual In¬ 
verter and dual 3-input 
gate ° Two single In¬ 
verters and a dual 3-input 
gate ° Series shunt chop¬ 
per ° Clock generator 




Write for complete data on AMI’s full line of compatible MOS building blocks 




American Micro-systems, Inc. 

3800 Homestead Road, Santa Clara, California 95051 (408) 246-0330 
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When an 
irresistible force 
met a nondestructive 

( woven m 

si?',*") memory... 


38,880 NDRO bits took a 1000-G shock 
and emerged not one bit different. 


This custom-woven nondestructive readout memory 
stack has an unshakeable story: zero readout error, 
zero physical degradation. Interrogated during and 
after severe environmental testing, data stored was 
data retrieved. Using minimal power. With all 
required memory exercises completed (equivalent 
to MIL-E-16400 and IVIIL-E-5400), these aerospace 
applications loom large on our horizon: program & 
instruction storage / look-up tables / executive 
programs / digital simulators / character 
generator storage / back-up memory. Write 
for detailed brochure and authenticated 
test results: General Precision Systems Inc., 
Librascope Group, Components Division, 

808 Western Avenue, Glendale, 

California 91201. 


<^GENERAL 

PRECISION 

SYSTEMS'^ 


LIBRASCOPE GROUP 
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For the kind 
of clean power 
it takes to 
keep computers 
efficient, 
Controi Data 
Corporation 
caiis on KATO 


Typical KATO M-G Set supplied 
to CDC—common-frame, 
common-shaft construction. 
Motor is 30 H.P., 220/440 volt, 
3-phase, low-slip, squirrel-cage 
induction type. Generator delivers 
20 KVA, 120/205 volt, 400-cycle, 
3-phase and features brushless 
excitation. Free-standing cabinet 
houses both motor and generator 
controls. 


KA TO Engineering is one of the major 
suppliers of matched motor-generator sets 
for line isolation and cycle conversion... at CDC 
and throughout the computer industry. 


When precision equipment demands pure power, 
free from line transients, phase unbalance and frequency 
fluctuations, a KATO Motor-Generator Set is the 
answer. In the computer industry, in communications, 
ground-support operations and industrial 
process-control functions, KATO M-G Sets take 
imperfect commercial power and provide the 
exact, balanced, regulated output desired, 
with continuing efflciency and absolute minimum 
maintenance. KATO offers the widest possible 
range of M-G Sets and control equipment 
plus 40 years of power engineering experience. 

Why not get the details? 


Free 8-page folder gives complete information on 
KATO M-G Sets. Write for your copy today. 


KATO makes many power products ... 
AC Generators • DC Motors and Generators 


KATO ENGINEERING COMPANY 

14-02 First Avenue • Mankato, Minnesota 56001 
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have you noticed how 
everybody’s just introducing big, 
fast, core-memory systems that we’ve 
been delivering for more than a year? 



Em electronic memories 


12621 Chadron Avenue, Hawthorne, California 90250 
Telephone (213) 772-5201 


When we first introduced our NANOMEMORY^^ 900 at the 1964 Fall 
Joint Computer Conference, we claimed an access time of 350 
nanoseconds and a memory capacity of 16,384 words of 84 bits. A 
little later we developed the NANOMEMORY 650. Same capacity 
but with an access time of 300 nanoseconds. 

Soon after we started shipping, reports came in calling our claims, if 
anything, too conservative. Operating margins were indeed wider. 
And with the stack connections reduced by 80%, the reliability 
gave maintenance managers no end of pleasure. 

But more gratifying than the compliments were the re-orders. Of the 
many systems being assembled on the floor right now, 80% are 
engaged. If you want to stay ahead of your competition, call or write 
us about the 20% that are still unattached. Ask for Litpak 6E 





The Peripheral People 
announce the availability of 
CRAM 5 (a 580 million bit, 

90 to 150 ms retrieval 

Card Random Access Memory) 



They all laughed when we sat down and 
developed CRAM. Now we announce our 
third generation, available for OEM sales. 
Our competitors are still trying to solve the 
problems of their first born. 

Now, instead of 112 million bits, you can 
store more than five times as many and 
find your data 1/10th of a second faster. 


With a single controller, you can hook up 16 
of the new CRAM 5 units to accommodate 
over nine billion bits. And don’t forget, you 
can change a cartridge in 30 seconds. We 
have lots of electro-mechanical experience 
so you know we know how to make it work. 
And keep on working. Quickly. Accurately. 
Inexpensively. Reliably. Well. 


NCR 


THe 

periPHeraL 
peoPLe ;= ^ 

Card Readers, Tape Punches, Tape 
Readers, Printers. MICR Readers. 
CRAM (Card Random Access Memory) 
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X INPUTS 


Y INPUTS 


1MCI003P 


OR 

'MCI203P 


... in jusi 4 nnnuseconas i 
YOU CAN GENERATE ANY OF THESE 
X,Y,Z;X,Y,Z;X+Y+Z; 
X+Y+Z;XYZ;XYZ 


(where X,Y, Z 
each stands for 
six variables 
"ORed” together) 


MClOOIP 

OR 

MCI20IF 


X + Y + Z 
Y 


MCI003P 

OR 

MCI203F< 


Z INPUTS 


(MEGL II MAKES IT POSSIBLE!) 



Yes, you can do it easily with MECL II, 
in just 4 ns with 3 gates and a total power 
dissipation of 250 mW. The unique wired 
‘"OR” feature of MECL II allows you to obtain the 
OR function of two or more gate outputs by tieing 
the outputs together. As a result, you save delay 
time, power dissipation, extra gates and design head¬ 
aches. More importantly, the flexibility of this 
system allows for an almost infinite number of logic 
design possibilities! 

The Family for Logic Designers 


The growing MECL II family of digital integrated 
circuits already has 24 members and is designed for 
easy use from audio frequencies to above 100 MHz. 
The gates shown, MClOOIP, 1003P and MC1201F, 
1203F are all Six-Input Gates in the new MECL II 
series. Each provides three simultaneous ‘‘OR’V 
“NOR^^ or ‘‘AND’V‘‘NAND’’ output functions. By 


omitting all or part of pulldown resistors, three emit¬ 
ter follower output options are provided on basic 
MECL II gates. 

These 6-input gates (MClOOO & MC1200 series) 
feature 4.0 ns propagation delay at a fan-out of 3 and 
a total fan-out of 25 (min) per output. The limited- 
temperature-range 1000 series (0° to +75°C) is 
available in the 14-pin dual in-line plastic package, 
while the full-temperature-range 1200 series (—55° 
to -l-125°C) is in the 14-pin ceramic flat package. 

For complete details about the fastest, most flex¬ 
ible logic family available, write for complete data 
sheets and application notes. Then, see how many 
high-speed gate functions you can synthesize! 



MOTOROLA 

SGm/conductors 

-wkem iJiAp/uae&A/i incj/iidle/^ U (me! 


MOTOROLA SEMICONDUCTOR PRODUCTS INC. / P. O. BOX 955 / PHOENIX. ARIZONA 85001 

CIRCLE NO. 10 ON INQUIRY CARD 


11 







Readouts clear up problems. 



Polaroid circular polarizers clear up readouts. 


It’s never a problem to read read¬ 
outs if they’re equipped with Polaroid 
circular polarizers. Our polarizers im¬ 
prove readability from every angle by 
increasing contrast. In daylight. Or 
even in brightly lighted rooms. 


But now you don’t have to take 
our word for it. Send for our new bro¬ 
chure, and we’ll include 3 samples of 
ourcircular polarizers (amber, neutral, 
and green). They’ll help you see very 
clearly why many major display and 


instrument manufacturers are now 
using Polaroid circular polarizers. 

Write Polaroid Corporation, Po¬ 
larizer Sales, Department 59, Cam¬ 
bridge, Massachusetts 02139. 
Polaroid Circular Polarizers. 


Polaroid® 











Now in Paperback 


An equally apt title for this 16 page 
opus would be ‘‘Selecting Memory 
Systems for Fun and Profit.” Be¬ 
cause when you get it, you will be 
able to select the most profitable 
memory system for your needs. And 
it ought to be fun compared to 
those ‘‘memory dream-books”, full 
of options that never were, model 


numbers that are sheer fantasy, 
and ghostly-vague ‘‘typical” specs. 

Every system in this bulletin is 
real, is completely and accurately 
characterized, is priced, and is in 
production, available on reason¬ 
able, dependable delivery sched¬ 


ules, ranging from in-stock to 90 
days. And the prices are right. 


Old-timer or tyro, end-user or OEM, 
Bulletin MS670 is required read¬ 
ing. Write for your free copy today. 


Ferroxcube 



Systems Division Englewood, Colorado 


Reveals all about 513 different standard 

memory systems ! “Unparalleled Diversity!”-Edwin L. Podsiadio, 
Product Manager, Ferroxcube Systems Division 

Thrill to tantalizing trade-offs...stirring 
savings...pulse-pounding performance! 

“Couldn’t put It down!’’—Robert Derschang, Marketing Manager, 



FERROXCUBE 
CORPORATION 
Systems Division 
5455 S. Valentis Way 

Englewood, Colorado Boston Chicago Dallas Los Angeles Minneapolis New York Area Phoenix Philadelphia 

303-771-2000 • 617-899-3110 312-261-7880 214-255-0441 213-837-1484 612-888-4681 201-964-1844 602-265-1792 215-927-6262 
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commentary 

Comments and opinions on topics of cur¬ 
rent interest to digital design engi¬ 
neering personnel. A monthly column orga¬ 
nized and prepared under the direction of 
T. PAUL BOTHWELL. Contributing Editor. 


HOW COMPUTER WORD SIZE 
AFFEaS PERFORMANCE 

John Thron 


One of the most common ways of characterizing 
a computer is by word size — the number of binary 
digits that con be retrieved from, or stored in, the 
computer memory in a fixed time interval. Although 
there is nothing intrinsically valuable in one or an¬ 
other word size, it is often a major indicator of com¬ 
puter capability. In fact, in most cases, the memory 
cycle time word and word size alone constitute data 
upon which a fair guess of performance can be 
based. This is because performance is primarily 
memory access limited (if it is not input-output lim¬ 
ited), and therefore depends upon the rapidity of 
memory-access and upon the value which accrues 
to memory-access. 

The positive contribution of increased word size 
to performance is related to the value of retrieving 
or storing a larger quantity of data at a single 
memory access. This is a contribution which 
naturally pays diminishing returns. For one thing, 
the sequential character of the computer program 
results in frequent decisions which alter the course 
of procedure and thus alter the requirements for 
data. For another thing, too big a piece of informa¬ 
tion is nearly as useless as too small a piece — the 
computer must process a specific unit of information 
with each operation. Thus, a word equal in size to 
the unit of information to be processed would rep¬ 
resent the optimum choice: exactly the correct quan¬ 
tity of data would be accessed at each memory 
cycle. When word size is very small relative to in¬ 
formation-unit size, an increase in word size brings 
a proportional increase in performance. When word 
size is greater than information-unit size, wasted 
transfer of data is the result. Not surprisingly, no 
fixed size can be assigned to the “information unit,'' 


The author of this month's CD Commentary, John 
Thron, is a staff engineer at Honeywell's Computer 
Control Division. He is responsible for computer 
systems design. 


and thus performance ultimately depends upon a 
more or less good match between word size and 
“typical" information-unit size. 

On first examination, it might seem impossible to 
typify the data processed by a general purpose 
computer. In data processing, every problem has 
its own characteristic units — characters and fields 
of widely varying lengths. In scientific computation, 
a similar condition exists — different problems deal 
with numbers of differing precision, and arrays of 
varying dimensions. No simple average of the mea¬ 
sures of all these problem-related data provides a 
meaningful guide to determining optimum word 
length. 

However, memory-access is required for another 
category of data — program-related data. These 
include operation codes, addresses, indices, counters, 
and a variety of data used for “housekeeping" pur¬ 
poses in the typical program. The classical single¬ 
address computer (whose word size was related to 
requirements for precision) makes more than half 
of its memory references for instructions. Empirical 
studies have shown that typical programs expend 
more than half of their energy doing housekeeping; 
thus, perhaps a quarter of the mem_ory references 
are to program-related data. 

The ratios are not much different for the “charac¬ 
ter organized" systems. An instruction that refer¬ 
ences two 3-character fields might itself typically be 
six characters long, and the housekeeping overhead 
remains. The conclusion is inescapable that the 
typical data processed by computers are operation 
codes, addresses, etc. 

This being the case, instructions and addresses 
are the units of information whose size can most 
beneficially be related to word size in a general- 
purpose processor. Special features for processing 
longer or shorter units of data, appropriate to cer¬ 
tain types of problems, can be incorporated in a 
computer, and may make impressive improvements 
in the performance. But with few exceptions, these 
features have been found to be difficult to define, 
and when they hove been permitted to govern word 
size, at the expense of efficient instruction and ad¬ 
dress access, the effect on performance per dollar 
has not been attractive. 

Now, the larger the word size of the computer, 
the larger the address, operation code, instruction, 
or combination of these data that can be accessed 
with a single memory reference. Increasing the 
number of each of these program-related units of 
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Does your present custom 
power supply give you... 


70% to 90% 



Instant fault repair 


Add-on power capa¬ 


Ability to handle full 

efficiency? 



by plug-in module 


bility by using more 


load steps while 




replacement? 


modules? 


maintaining out put 
in regulation 
band? 
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New Omnimod does! 



Omnimod power control module. 



Omnimod control amplifier. 


OMNIMOD gives you all these features—anc/ 
more—a/7£/at a lower price! Want to know more? 

OMNIMOD is a dc to dc converter using tran¬ 
sistors in a CONSTANT PULSE WIDTH, variable 
repetition rate switching mode to regulate out¬ 
put voltage or current. Two small plug-in units 
make-up the OMNIMOD concept—a power con¬ 
trol module and a control amplifier. 


Output can be regulated between ± 2 and i 60 dc at 
up to 20 amperes using the OMNIMOD family of mod¬ 
ules WITHOUT MODIFICATION OR ADJUSTMENT. 
Higher current ratings are obtained by paralleling power 
control modules. 

Any number of power controller modules can be con¬ 
trolled by one amplifier. OMNIMOD has a current lim¬ 
iting parameter, over voltage protection, voltage se¬ 
quencing, and remote sensing. 

To design a custom power supply, one must simply 

1. design one input power converter to change un¬ 
regulated line ac power to unregulated dc power 

2. select the number of plug-in OMNIMOD power 
control modules to supply the power needed for each 
output 

3. package these elements with filter capacitors and 
a plug-in amplifier module for each output 

All the power used by every element in a typical data 
processing system could be supplied by custom power 
supplies constructed with interchangeable OMNIMOD 
modules. 

Isn't this enough to consider OMNIMOD for your cus¬ 
tom requirement? We will design an OMNIMOD cus¬ 
tom power supply to your specs, or will help you design 
your own system using our plug-In OMNIMOD modules. 

Write for the complete story. Well have 
it to you within 48 hours. 



EXTRA SERVICE TO THE DATA PROCESSING INDUSTRY 

4838 West 35th Street, St. Louis Park, Minnesota 55416 • 612/920-6444 

CIRCLE NO. 12 ON INQUIRY CARD 


15 



















A UNIQUE 

PROGRAMMABLE PULSE 
GENERATOR FOR $5600 



Compare this new Model SQ-260 Multiple Pulse 
Generator with any other and you’ll see that 
it provides the most for the least cost! 

Featuring all solid-state integrated logic, the 
Model SQ-260 also offers: 10 megacycle 


stepping rate, 12 output channels, 16 time 
steps, convenient plugboard programming, 
program repeat capability, step-and- 
repeat capability, 51 ohm output im¬ 
pedance (change resistor to alter 
impedance), 12 variable output 
pulse durations, and 12 vari¬ 
able pulse start delays! All 
this and more for $5600. 


Call or write for descriptive literature today! 

^Deviations from standard products are available on request. 


•dor 

ASSOCIATES. INC. 


73 UNION SQUARE 
SOMERVILLE, MASS. 02143 
Telephone: (617) 623-3131 
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I>rTi:c;RATKi> C'irc i it 
Modli.ks 


UNIVERSAL FLIP-FLOP 

S38 


Is this any way to PRICE a module? 

YOU BET IT ISI 




laiTAL 
AT A- 


Y8TBMS 


P.O. BOX 20, CHATSM’ORTH. CALIFORNIA 01311 ARK A CODE: 213 082-3330 
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information accessed with a single memory-refer¬ 
ence has some benefits; however, a substantial 
amount of register storage (to hold waiting instruc¬ 
tions and temporarily unused addresses) and other 
logic circuitry is required to obtain improved per¬ 
formance in this way. But such benefits are con¬ 
fined to program access; no benefits are obtained 
in the accessing of addresses and instructions them¬ 
selves as the operands to be processed. Increasing 
the size of each of these program-related units of 
information, on the other hand, has a substantial, 
although conditional, effect on performance. In¬ 
creasing the address size is of great value if the 
memory to be addresses required a larger address. 
Increasing the instruction size permits a larger vari¬ 
ety of instructions, and thus opens the way to more 
special-purpose features. These benefits may or 
may not be significant, depending upon the job to 
be performed. A large word permits efficient access 
of the large address required to span a voluminous 
memory, and/or the extensive array of operation 
codes contributing to a variety of special jobs. If 
these are application requirements, they pay off 
handsomely. Otherwise, they do not. 

Thus, in the final analysis, word size is appropri¬ 
ately related to the scope of the application, through 
the instruction and addressing requirements, more 
than to the specific type of data to be processed. 
The performance, in turn, of a processor with large 
word size is not likely to be significantly better than 
that of a processor with small word size, unless the 
scope of the problem is suitably great. 



THE COMPUTER IN AMERICAN EDUCATION 

The first definitive statement on the potentialities and 
limitations of computer technology in education is how 
the publisher describes this new book. Edited by Don 
D, Bushnell, Brooks Foundation, and Dwight W. Allen, 
Stanford University, and written by leading educators 
and outstanding practitioners in the field of educa¬ 
tional data processing. The Computer in American 
Education presents a dialogue between technically and 
non-technically-oriented persons interested in the grow¬ 
ing problems of education. Critical issues and promis¬ 
ing trends in application of computer technology to 
education are viewed within the context of evolving 
social and educational goals and the movement toward 
reform in school structure and curriculum. The au¬ 
thors examine current applications in educational man¬ 
agement and planning; the potentialities of automation 
for individualizing instruction and enhancing learning; 
and the expediting of information handling for the 
realization of long-held goals in education. Some 
guidelines for the introduction of computer sciences 
Into the curriculum are suggested. Commissioned by 
The Association for Educational Data Systems, the book 
has been published in two editions — a clothbound 
($5.95) and a paperbound ($3.95). The book contains 
300 pages. Order from: 

John Wiley & Sons, 605 Third Ave., N.Y., N Y. 
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INDICATORS 


We also make switches, readouts, keyboards, 
panel displays, in-line displays and CRT displays. 




INFORMATION OISPLAY 
ANO CONTROL OEVICES 

TRANSISTOR ELECTRONICS CORPORATION 

Box 6191 • Minneapolis, Minnesota 55424 • Phone (612) 941-1100 


FOR INTEGRATE 
CIRCUITS AND 
DISCRETE 
COMPONENT 
CIRCUITRY! 

VARIETY? 

Unlimited! Neon or 
replaceable 
incandescent lamps— 
optional integral switch. 


LOOKS? 

Go together, 
beautifully! Mount on 
19/32" centers. 

CUSTOM 

DESIGNED? 

Yes, to fit your special 
requirements—and 
usually at standard 
prices. 


MTL Series 

Controls long life neon 
lamp from signals as 
small as 2 volts. Price: 
As low as $3.00*. MMTL 
Series for integrated 
Circuits (l-C). 


TBL Series 

Adds integral isolated 
switch to MTL Series. As 
low as $4.35*. MTBL 
Series for l-C. 


TiL Series 

Brilliant, replaceable 
incandescent lamp operated 
by signals as low as 0.3 ma. 
As low as $4.76*. MTIL 
Series for l-C. 


SUBMINIATURE 
STL Series (Actual Size) 
.360" dia. body. 

Mounts on %" centers. 
Neon or incandescent 
lamp internally controlled 
from low level signals. 

As low as $7.45*. 

MSTL for l-C. 


TIB Series 

Integral, isolated switch 
plus TIL function. As low 
as $6.60. MTIB Series 
for l-C. 


*in 100-499 quantities 


Turns on with a 2 /JLsec 
pulse, remains on until 
cleared. Integral clear 
switch optional. As low 
as $10.35.* MTML 
Series for l-C. 


LVN Series 

For discrete component 
circuits only—use where 
high voltage not available. 
Internally amplifies low voltage 
D.C. supply to fire neon lamp. LVB 
Series adds isolated switch. LVN Series 
as low as $6.25*. LVB Series as low 
as $8.90*. 


For complete information, contact your local TEC-Rep, or write direct 




SWITCHES 

We also make indicators, 
readouts, keyboards, panel 
displays, in-line displays 
and CRT displays. 


ISN T THIS 
WHAT YOU WANT? 

Million-cycle reliability! Low 
standard prices. Compact design! 
Match-mate appearance with 
TEC-LITE Indicators! 



HERE THEY ARE: 


TBL Series —Combines 
neon lamp indicator with 
integral isolated 100 ma. 
SPOT switch. For l-C or 
discrete component cir¬ 
cuitry. As low as $4.35*. 

TIB Series—Same as TBL 
but with replaceable in¬ 
candescent lamp. As low 
as $6.60*. 


ABL-ABS Series-Alternate 
action two circuit, double 
break, 100 ma. switch for 
controlling separate cir 
cuits. Switch only, or with 
replaceable neon or in¬ 
candescent lamp. As low 
$5.40*. 


RBL Series —Independent 
SPOT momentary contact 
switch combined with re¬ 
placeable neon orincandes- 
centlamp.Aslowas $2.60*. 


MBS Series—SPOT momen 
tary 100 ma. switch. MBL 
Series has neon or incandes 
cent lamp. MBS as low as 
$1.45; MBL as low as 
$ 1 . 88 *. 


SBS Series—Subminiature 
(.360" body) SPST n.o. mo¬ 
mentary contact switch. 
SBL Series offers integral 
Incandescent T-1 lamp 
with switch. SBS as low as 
$1.26: SBL as low as 
$3.10*. 


For complete information, contact 
your local TEC-Rep or write direct 

*in 100-499 quantities 







INFORMATION DISPLAY AND CONTROL DEVICES 
TRANSISTOR RLSCTRONICS 


CORPORATION 
Box 6191 

Minneapolis, Minnesota 55424 
Phone (612) 941-1100 
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pc OUTPUT 


from our man in Washington 


An 11 percent increase, projected by the Marketing 
Service Department of the Electronic Industries Asso¬ 
ciation for electronic Industrial products to a level of 
$5.5 billion in sales during 1967 can chiefly be ascribed 
to continuing strides in shipments of computing and 
EDP equipment. While sales to domestic users have 
grown rapidly in recent years, EIA concludes, the 
overall computer market has been additionally en¬ 
hanced by large shipments to foreign countries. With 
U. S. superiority In developing highly-sophisticated 
computers, the demand for such equipment in foreign 
markets is expected to continue for some years. EIA 
states: '"Computer manufacturers, with their extensive 
facilities, modern equipment, and dependable sources 
of financing, help provide leadership in the develop¬ 
ment of advanced technology and in marketing tech¬ 
niques." 


Electronic computers and parts accounted for 52.8 per¬ 
cent of U. S. exports of business machines in 1966, 
totaling $295.3 million. Chief customers, according to 
statistics compiled by the Commerce Department's Busi¬ 
ness and Defense Services Administration, were 
Canada, France, United Kingdom, West Germany, and 
Japan. Computing and other data processing machines 
accounted for 7.8 percent of 1966 business machine 
imports, an increase of 353.6 percent to $14.9 million. 
Principal suppliers were France, Italy, Canada, United 
Kingdom, and Japan. 


By the year 2,000, Secretary of Agriculture Orville L. 
Freeman predicts that computer-controlled machines 
will plant the crops, fertilize by prescription, determine 
when produce is ready for market, harvest on order, 
and grade and package the commodities for delivery 
by supersonic cargo planes to fully-automated ware¬ 
houses. 


Postal officials have asked Congress to pass legislation 
(S. 1693) to provide that bills and statements of ac¬ 


counts prepared by EDP equipment be classified as 
first-class mail. Presently the Post Office allows bills 
and statements of accounts produced by any photo¬ 
graphic or mechanical process, other than typewriting, 
to be mailed at third-class rates if they are presented 
in 20 or more identical copies — this includes materials 
prepared by computers. Post Office General Counsel 
Timothy J. May, in urging passage before the Senate 
Post Office Committee, estimated that POD would gain 
about $20 million annually if the bill passed. Enact¬ 
ment, he said, would keep large mailers from obtain¬ 
ing an advantage over small mailers. Computer use, 
he said, is very expensive and large numbers of bills 
must be mailed to make it worthwhile to use com¬ 
puters. Because of the cost, small mailers are less like¬ 
ly to use computers. 


In view of the growing importance of computers, all 
engineering students, at an early stage in their educa¬ 
tion, should receive training in numerical methods, 
statistics, and probability theory, concludes a recent re¬ 
port of the Organization for Economic Co-operation 
and Development. The fourth report of the 21-mem¬ 
ber, international group, "Applied Mathematics for 
Engineers," examines the influence of modern computer 
techniques on mathematical training given to students 
In all branches of engineering and on a number of 
related specialized subjects. The last part of the report 
covers the use of computers in engineering schools and 
discusses machine languages, digital-computer simula¬ 
tion, decision problems, and project analysis. A copy 
of the report is available for $5.50 from OECD Publi¬ 
cations Center, Suite 1305, 1750 Pennsylvania Ave., 
N. W., Washington, D. C. 20006. 


Recent Government Contracts 

BENDIX CORP., Davenport, Iowa, has been awarded a 
$2,860,791 fixed-price contract for production of airborne 
computer components. Work will be done in Denver, Colo. 
The Aeronautical Systems Division (Air Force Systems 


18 


CIRCLE NO. 17 ON INQUIRY CARD 












from varian data machines 


new... 

small... 

fast! 

data 620/i 
systems computer 


The DATA/620-1 integrated circuit computer is the newest 
member of the DATA/620 family of system computers. 
DATA/620-1 fills the gap between general purpose and special 
purpose computers. It belongs in a system, and solves 
problems previously considered too difficult or expensive 
for computer solution. 

Designed for faster problem solution the DATA/620-1 has a 
bigger instruction set, integrated circuit reliability, is smaller, 
has one-half the components, and costs less than any 
computer in its class. 

DATA/620-1 comes complete with software, field-proven and 
refined on the DATA/620. 



1590 Monrovia Ave., Newport Beach, Calif. (714) 646-9371 


See it at the Varian Booth at the WESCON Show 


Extremely compact, the DATA/620-1 
requires only 10" of 19" rack space 
It’s available with memory modules 
from 1024 to 32,768 words of 16 or 
18 bits, and with a selection of 
control, arithmetic and I/O facilities, 
including our unique Micro-Exec. 

Price: $13,900 with 4096 words of 
16 bit memory, including 
ASR 33 teletype. Please write. 


varian data machines 

a varian subsi(Jiary 


Formerly Decision Control, Inc. 


















Our spectrum of Digital Printers encom¬ 
passes Data Logging, Communications and 
Computer Printers with high to medium 
throughputs. Standard printers are avail¬ 
able to interface with parallel and serial data 
sources, a number of computers, and several 
data sets. If we don't have a printer system 
that will do your job, we’ll tell you where to 
go ... to find one. 

SERVING GOVERNMENT, BUSINESS AND INDUSTRY 

(SnSfh 01/AN CONTROLS, me. 

^ 944 DORCHESTER AVENUE. BOSTON, MASSACHUSETSS 02125 
PHONE; (BIT) 288-7700 TWX: 710-333-0174 


if your Printer 
requirements 
can't be met by 
at least one of 
our printers - 


we'll tell you 
where to go... 


Command), Wright-Patterson AFB, Ohio, is awarding the 
contract. 


SPERRY RAND CORP., St. Paul, Minn., has been issued 
a $1,590,280 letter contract for production of fire control 
digital computers and related equipment for TALOS mis¬ 
siles for the Navy. 


GENERAL ELECTRIC CO., Syracuse, N. Y., has been 
awarded a $2,635,000 fixed-price contract for one van- 
mounted digital computer for use in automating data col¬ 
lection and data reduction in support of war games field 
experimentation. The contract is being awarded by the 
Army Electronics Command, Fort Monmouth, N. J. 


CARNEGIE INSTITUTE OF TECHNOLOGY, Pittsburgh, 
Pa., has been awarded a $1,717,000 contract for research in 
EDP equipment information processing. The Office of 
Scientific Research is the contracting agency. 


GOVERNMENT REPORTS ★★ 


LARGE-ANGLE DEFLECTION TECHNIQUE FOR LASER DISPLAY 

Based on a study to develop an improved coherent light beam scan¬ 
ning technique for use in a real-time, projection display system using 
a laser light source, this report reviews the basic features of the 
selected approach and translates the required system performance 
into component parameters. Progress in techniques critical to the 
design of a successful system such as torsionally resonant light beam 
scanners is described. Included also are an analysis of system perform¬ 
ance and a discussion of future potential. 

Order from Clearinghouse, U.S. Dept, of Commerce, Springfield, Va. 
22151. Order No. AD-651301. Price $3.00 (microfiche 65 cents). 


A BRIEF SURVEY OF PREPROCESSING 
FOR PATTERN RECOGNITION. 

Literature survey in which 35 papers treating the preprocessing prob¬ 
lem In pattern recognition are summarized and reviewed. Papers of 
an analytical and practical nature are included as well as a bibliogra¬ 
phy of 97 entries. 

Order from Clearinghouse, U. S. Dept, of Commerce, Springfield, Va. 
22151. Order No. AD-647275. Price: $3.00 (microfiche 65 cents). 


A COMPUTER SYSTEM FOR INFERENCE EXECUTION 
AND DATA RETRIEVAL 

Describes the Relational Data File, a computer-based data retrieval 
system which is capable of storing millions of facts and of retrieving 
data both directly and through logical inference. The system operates 
on an IBM 7044 computer. 

Order from Clearinghouse, U. S. Dept, of Commerce, Springfield, Va. 
22151. Order No. AD-642 120. Price: $3.00 (microfiche 65 cents). 
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Now an instant Core Memory 
•••just plug in and solder 



Ferroxcube Platrices 
are magnetic 
core mat¬ 
rices spe¬ 
cially 
designed 
for desk¬ 
top business 
instrumentation 
control equipment. 
Not only are they priced far below 
conventional core memory planes; 
they save you even more money on 
assembly costs. 

Platrices are provided with plug-in 


machines, 
and industrial 


connection pins for quick and simple 
direct mounting on printed circuit 
boards. You mount a Platrix as you 
would a transistor: push the leads 
through the board and solder. To il¬ 
lustrate, we built this mockup out of 
clear plastic so you can see both the 
pins and the Platrix Itself. 

The expensive cut frames of con¬ 
ventional planes are eliminated by a 
simplified yet rigid frame of glass- 
epoxy laminate. For high resistance 
to shock and vibration, the cores are 
fixed to a base plate of this material 
by a special lacquer. 


Stacks of up to four Platrices can 
be supplied with series connected 
drive lines terminated at the bottom 
of the stack. Low drive currents allow 
use of simple drive and selection cir¬ 
cuits. Platrices are available in 8 
standard configurations with bit ca¬ 
pacities from 256 to 1,024, but we 
can be persuaded to make other sizes 
If you really need them. 

Platrices. Reliable. Simple. Inex¬ 
pensive. Bulletin 6007 tells all. Write 
for It today. 


Ferroxcube 




FERROXCUBE 

CORPORATION 

Saugerties. New York Boston Chicago Dallas Los Angeles Minneapolis New York Area Orlando Phoenix 

914-246-2811 617-899-3110 312-261-7880 214-255-0441 213-788-2060 612-888-4681 201-964-1844 305-423-7615 602-265-1792 


Philadelphia 

215-927-6262 
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I^at do you think? 


This department is devoted to a continuous interchange of 
ideas, comments, and opinions on significant problems facing 
the industry. What do you think about the impact of a com¬ 
puter-automated world and the engineer/scientist’s role in it? 
What do you think about engineering unions — professional 
societies — industry conferences? Or any significant facet of 
your professional life. COMPUTER DESIGN will print your 
views here. Write to; CD Readers’ Forum, Computer Design, 
Baker Ave., West Concord, Mass. 01781. 


CD READERS' FORUM 

THE ENGINEER'S JOB SECURITY 


Editor’s Note: Since its creation two 
years ago, CD Readers’ Forum has 
been occupied with the area of stan¬ 
dardization. The majority of our 
coverage and consequent response 
from our readers has been in the 
area of logic symbols standards, al¬ 
though we have also devoted space 
to other topics in the standards field. 

The mission of the Forum is to 
provide space and format for the 
discussion of any subject which is 
properly a concern of our readers, 
and on which there is opportunity 
for an exchange of opinions and 
arguments. In each of the next three 
months we shall be introducing a 
new topic which we think should be 
of concern to our readers, and on 
which we invite our readers’ com¬ 
ments. Our interest is not to aban¬ 
don the logic symbols standards dis¬ 
cussions, but to use the Forum for 
the concurrent discussion of several 
topics. 

This month we present a letter by 
Mr. Jay Freeman in w'hich he dis¬ 
cusses the problem of the engineer’s 
job security and profTers two pro¬ 
grams which he believes would in¬ 
crease the engineer’s security. CD 
Readers’ Forum invites your com¬ 
ments. 


TO CD READERS^ FORUM: 


The problem of an engineer's job 
security haunts him throughout his 
career. In 1963, twenty to thirty 
thousand engineers were laid off in 
the United States because of cut¬ 
backs in government spending. 
Should the war in Vietnam end, the 
employment picture for engineers 
would be very bleak. Over 70% of 
research and development in the 
United States is government sup¬ 
ported and this expenditure would 
surely be reduced if peace were 
declared. 

Unlike law or medicine where job 
security increases with the years, in 
engineering It decreases. An engi¬ 
neer over forty-five will find It 
harder and harder to obtain or re¬ 
tain a job. Though most of these 
conditions are well known by engi¬ 
neers, little has been suggested to 
improve the stability of our careers. 

Here are two programs which I 
believe would increase the engi¬ 
neer's security. A national pension 
fund should be established. This 
fund would be contributed into, 
either partially or fully, by com¬ 
panies employing engineers. A 
large insurance company would es¬ 
tablish rates and coordinate the op¬ 


eration. Whenever an engineer 
changed his job, payments into his 
pension fund would be transferred 
and continued. At present, if an 
engineer loses his job, he generally 
loses all or most of his retirement 
Income; his pension is not transfer¬ 
able to another company, and this 
could be a financial disaster if he 
Is over forty-five. 

If this national pension fund for 
engineers were implemented, as 
long as an engineer had worked for 
the prescribed minimum number of 
years, for any number of compan¬ 
ies, he would be eligible for full 
benefits when he reached retire¬ 
ment age, (for example, 50% of his 
best five year-average) since his 
pension would be transferable. Be¬ 
cause engineering places such a 
high demand on creative, state-of- 
the-art abilities, an early retirement 
is often advisable. The national 
pension fund would recognize this 
with early retirement options, for 
example starting at 54 years of age, 
with full benefits paid at 62 years 
of age. 

The second proposal is a national 
unemployment insurance paid for, 
partially or fully, by companies em¬ 
ploying engineers. This unemploy¬ 
ment insurance would augment 
the small state unemployment pay¬ 
ments while an engineer Is seeking 
another job, and would be a per- 
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NAME 


TITLE 


SEND 




y nn 


COMPUTER 

IIVDUSTRY 

ANNUAL 

1967-68 

NOW AVAILABLE IN 
HABD COVER EDITION 

The industry’s first complete reference 
guide and directory. 390 pages. 

Over 33,000 copies already distributed. 




COMPUTER PRIMER FOR MANAGEMENT 

COMPUTER MANUFACTURERS’ PROFILE .. . sales and earn¬ 
ings records, corporate highlights, stock price performance of 
18 computer companies. 

MARKET SURVEY . . . results of industrywide survey of annual 
sales volume of 400 types of computer-related products and 
services. 

SURVEY OF TIME-SHARING FACILITIES 

DIRECTORY OF PRODUCTS . . . contains over 400 types of 
computer-related products with corresponding manufacturers 
listed after each. 

DIRECTORY OF SERVICES . . . contains nearly 200 service 
firms and 21 different types of computer-related services such 
as software development, equipment leasing, personnel 
recruitment, time-sharing etc. 

MANUFACTURERS’ INDEX . . . Alphabetical list of nearly 2000 
suppliers of computer-related products and services. Includes 
corporate addresses, sales offices, national sales managers, 
number of employees and annual sales. 

EQUIPMENT CHARACTERISTICS REVIEW . . . in-depth review 


of all currently available computers, peripherals and major 
components. Includes 81 pages of Product Summary Charts to 
aid in equipment selection and competitive analyses. The fol¬ 
lowing products are reviewed In detail: 

DIGITAL COMPUTERS 

ANALOG & HYBRID COMPUTERS 

DATA COMMUNICATIONS TERMINALS & PROCESSORS 

GRAPHIC DATA SYSTEMS & DEVICES 

EDP FORMS 

EXTERNAL STORAGE SYSTEMS 
INTERNAL MEMORY SYSTEMS 
DIGITAL MAGNETIC TAPE SYSTEMS 
COMPUTER PRINTERS 
PUNCHED CARD EQUIPMENT 
PUNCHED TAPE EQUIPMENT 
INPUT TYPEWRITERS & KEYBOARDS 
LOGIC CIRCUITS & MODULES 


PRICE: 

$18«50 

including 

quarterly 

updating 

supplements. 

Make checks 

payable 

to: 

SIMON & 

SCHUSTER, 

INC. 


SEND ORDERS TO: 

SIMON & SCHUSTER 
1 WEST 39th ST., N.Y. 10018 


PLEASE PRINT 


□ Enclosed is my check for $. COMPANY 

for.copy(ies) of the 1967-68 

Computer Industry Annual. STREET 

□ Enter my order for.copy(ies) 

of the 1967-68 Computer Industry Annual. 

Bill me $18.50 per copy plus shipping and 
handling charges. 


CITY.STATE 


SIGNATURE 


ORGANIZATIONAL CLASSIFICATION OF MY COMPANY OR DEPARTMENT (check one best descriptor) 


□ 1. Mfgrs. of computers, data processing equipment, 

or related systems or components. 

□ 2. Mfgrs. of consumer or industrial products (other 

than computer-related equipment). 

□ 3. Government installations (federal, state or city in¬ 

cluding military). 

□ 4. Educational institutions (colleges, universities, 

schools, etc.). 


□ 5. EDP consulting & service organizations (exclud¬ 

ing those connected with mfg. co.). 

□ 6. Business & commercial (finance, banking, insur¬ 

ance, real-estate, wholesale & retail trade, etc.). 

□ 7. Utilities (transportation, communications, electric, 

gas, etc.). 

□ 8. Other. 
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TAB CARDS 


f SEE THE \ 
MOHAWK 700 
BUFFERED TAPE UNIT 
AT THE WESCON SHOW 
...August 22 through 2S 
S. Cow Palace J 
\. San Francisco / 


ALL THE SPEED, ACCURACY, VERSATILITY 
OF CORE STORAGE AND MAGNETIC TAPE! 


BUFFERED TAPE UNIT 


P. O. Box 630, Herkimer. N.Y. 13350 


Tel. 315/866-6800 


MOHAWK 

DATA SCIEIMCES CORPORATIOtM 


Phone or write for details, or for our representative to call on you. 


Write-out and acceptance of data at electronic speed are 
made possible by the core memory in the “700”. 

In READ mode, records are read from magnetic tape into 
the core memory then transferred to your output device. 

In WRITE mode, data goes from core memory to magnetic 
tape. Accuracy is assured by read-after-write check. 

Data is received in or released from memory in complete 
record format. 

The “700” features the exclusive Mohawk method of 
key-transcribing data direct to magnetic tape, and 
verifying on the same machine. Data is entered on tape as 
80-character records (optional up to 180 characters), 
on 7 channels, with nominal inter-record gap. Density is 
200 characters per inch. 


FOR INPUT to Plotters, Numeric Control Devices 
FOR OUTPUT from Punched Cards, Paper Tape, Tag 
Readers, Digitizers, Converters 


The “700” provides computer-compatible NRZ magnetic 
tape input or output for a variety of your off-line devices. 

It is available on a “purchase only” basis to manufacturers 
of suitably interfaced devices. It also may be Integrated 
Into existing user DP systems. It Is compatible with most 
IBM installations and the majority of others. 


THIS IS 


WHERE YOU SAVE TIME, STEPS, MONEY 


COMPARE! 


• The “700” writes up to 200 eighty-character records 
per minute . .. reads up to 400 eighty-character 
records per minute • Each written record is com¬ 
pletely checked for parity, and bit-for-bit against 
core buffer • Less down-time and maintenance with 
the “700’s” solid state electronic elements than 
with electro-mechanical equipment • Interface: 
asynchronous, bit parallel, character serial. 


YOUR 

PROCESSING 

UNIT 


CONVERTER 


YOUR 

PROCESSING 

UNIT 


MAG 


TAPE 


O 


MOHAWK 700 
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centage of his current salary. A | 
large national insurance connpany 
would establish the rates and co¬ 
ordinate payments. 

These two proposals would, of 
course, benefit engineers greatly. 
Even those who never used the 
unemployment Insurance because 
they were always working, or those 
who never used the national retire¬ 
ment plan because they did not live 
long enough, would benefit in 
knowing throughout their careers 
that the spectre of financial ruin did j 
not forever lurk just over the hori- | 
zon. ' 

These proposals would also bene¬ 
fit companies employing engineers. 
Young people would be more like¬ 
ly to choose engineering as a career 
knowing that a more secure future 
awaited them. Thus, the engineer¬ 
ing shortage which periodically af- j 
filets the industry would be re¬ 
duced. The problems of conscience 
and a bad reputation which face an ' 
employer forced to lay ofF would 
be greatly reduced. The morale of 
the engineering profession would | 
be lifted, increasing productiveness. I 
Should the industry adopt this pro- , 
gram on their own initiative, the i 
threat of engineering unionization | 
would be greatly reduced. j 

Assuming then, that these two j 
proposals are desirable, how are I 
they to be achieved? There are 
three possibilities: 

1. The existing engineering or¬ 
ganizations, e.g., the Engineers 
Joint Council or the National So- 
ciety of Professional Engineers, , 
could exert their influence to es¬ 
tablish these proposals. 

2. Companies employing engineers 
could establish the proposals ’ 
through their business associations 
or other coordinating bodies. 

3. Engineers could organize a pro¬ 

fessional association or union to 
achieve these goals. | 

Although I am sure engineers 
differ strongly on how they may , 
improve our profession, I am curl- I 
ous as to the Interest and support ' 
given to these basic concepts of Im- | 
proving job security. If, we, as en¬ 
gineers, can first agree on goals, i 
then perhaps the means will follow. 


It’s in the cards 



Printed circuits can be your strong suit if you pick 
Cinch-Graphik for a partner. Quality is the name of the 
game. No wild cards. No fast shuffles. Just the finest cir¬ 
cuit cards to make sure you have a winning hand. It’s your 
deal... our bid. We’re not bluffing, go ahead and call us. 



DIVISION OF UNITED-CARR 


MEMBER 



200 South Turnbull Canyon Road. City of Industry (Los Angeles), Calif. 91744 • Phone (213) ED 3-1201. Sales 
offices in 33 principal cities throughout the United States, Great Britain, Canada, Australia and West Germany. 


CONSISTING Of CINCH MANUFACTURING COMPANY. CINCH-GRAPHIK, CINCH-MONAONOCK. CINCH-NUlINf. UCINITE (ELECTRONICS) AND PLAXIAL CABLE DEPT. 


Jay Freeman 
Flushing, New York 
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INDUSTRY NEWS 


THE INSTITUTE FOR COMPUT- 
ERMATION MANAGEMENT AN¬ 
NOUNCES THE SCHEDULING OF 
COURSE INSTRUCTION FOR THE 
OPERATION, IMPLEMENTING, 
AND CONTROL OF COMPUTER- 
BASED TOUCH-TONE SYSTEMS. 
Emphasis will be placed on 
case studies of citywide or¬ 
der-entry, credit authori¬ 
zation, and bank management 
information systems, and 
includes managerial plan¬ 
ning aspects. Live demon¬ 
strations will be present¬ 
ed, and price performance 
evaluations of Touch-Tone, 
audio response, and trans¬ 
lator devices will be given 
to contrast external util¬ 
ity services with in-house 
systems. Data base devel¬ 
opment and updating, and 
other software techniques 
will also be studied. The 
Institute is sponsored by a 
group of unilaterally in¬ 
volved companies recogniz¬ 
ing that applied education 
is vital to corporate 
growth. The sponsors are 
Comput-A-Credit Inc. ; Com¬ 
puter Telephone Corpora¬ 
tion; and Photo Magnetic 
Systems, Inc. Currently, 
seminars are planned for the 
following dates and lo¬ 
cales: Monday, August 21, 
1967, San Francisco; Thurs¬ 
day, September 14, 1967, 
New York City; Tuesday, Oc¬ 
tober 3, 1967, Chicago; 
Tuesday, November 7, 1967, 
Boston; Monday, November 
13, 1967, Los Angeles (Pre¬ 
ceding the Fall Joint Com¬ 
puter Conference). Further 
information is available 
from the Registrar, Insti¬ 
tute for Computermation 
Management, 400 12th Street, 
Washington, D.C. 


SYLVANIA ELECTRIC PRODUCTS 
INC. HAS DEVELOPED FOR THE 
AIR FORCE AN ELECTRONIC DE¬ 
VICE WHICH REDUCES SUBSTAN¬ 
TIALLY THE TIME REQUIRED TO 
SEND CODED DIGITAL INFORMA¬ 
TION between satellite com¬ 
munications ground sta¬ 
tions. Known as an optical 
correlator, the device 
speeds the synchronization 
of equipment that detects 
digital messages. Devel¬ 
oped under a $150,000 con¬ 
tract from the Rome Air De¬ 
velopment Center, Griffiss 
Air Force Base, N.Y., the 
correlator is expected to be 
tested with satellites now 
orbiting the earth. Leon¬ 
ard E. Gough, Director of 
Engineering at the central 
operation of Sylvania Elec¬ 
tronic Systems, a division 
of the company, said, "By 
minimizing the time span 
within which a transmitter 
and receiver match codes, 
ground station personnel 
can significantly increase 
message traffic when commu¬ 
nicating via satellites.” 
The optical correlator re¬ 
duces by a factor of 1000 the 
time required by present 
correlators to examine a se¬ 
ries of coded bits of infor¬ 
mation. The new device 
identifies simultaneously 
up to 500 such code bits by 
converting them to light 
waves and displaying them 
as a group. 


A NEW COMPUTER LANGUAGE THAT 
IS EXPECTED TO CUT TIME 
SPENT IN TECHNICAL INFORMA¬ 
TION SEARCHES FROM HOURS OR 
DAYS DOWN TO MINUTES — OR 
EVEN SECONDS — has been de¬ 


veloped by Lockheed Mis¬ 
siles & Space Co . Completion 
of the new information re¬ 
trieval language, known as 
DIALOG, was announced by the 
firm's Information Sciences 
group at the LMSC Palo Alto 
Research Laboratory. Dr. 
Roger K. Summit is developer 
of DIALOG and project leader 
for its implementation at 
Ames Research Center under a 
contract from NASA. Since 
May 1, Ames has been 
equipped with a DIALOG-fed 
remote terminal linked by 
telephone lines to a comput¬ 
er at LMSC. The system 
gives each user a new degree 
of control over the comput¬ 
er. Technical librarians 
in industries throughout 
the United States spend 
thousands of hours annually 
combing indexes for refer¬ 
ences to technical informa¬ 
tion required by scientists 
and engineers. But using 
DIALOG, the same librarians 
could query a computer sys¬ 
tem — in layman's terms — 
and receive the references 
they need in a matter of min¬ 
utes . "DIALOG operates in 
what we call 'random-ac¬ 
cess' fashion,” says Sum¬ 
mit. "The system can be 
operated in 'on-line' man¬ 
ner. If queried with a few 
key words or phrases, it can 
find the proper references 
almost instantly. Use of 
appropriate terms permits 
retrieval of information in 
areas as narrow as "thrust 
vector control systems for 
large chemical rockets” or 
as broad as "radio.” Sub¬ 
jects as specialized as 
"Interaction of the Mag¬ 
netosphere and Solar Winds” 
and "Vibrational Excitation 
of Carbon Dioxide” also can 
be developed through use of 
DIALOG. By successively re¬ 
fining his commands, the 
user can subdivide and 
browse through the comput¬ 
er's files until he finds as 
specific and satisfying a 
group of references as he 
needs. Summit forsees a 
wide range of applications 
for DIALOG. 
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The payoff. 


umcerta^ntv 

©AND 


Our I.C. digital modules reject 
more noise than anybody’s. 


Integrated flip-flops, inverters 
and buffer amplifiers in T 
Series modules are made to 
our proprietary design and 
hermetical¬ 
ly sealed 
inTO-5 
cans. 


ZO^Sii ON ASSV 
AlO 


A12 


T Series input and load re¬ 
sistors, made to much tighter 
tolerances than can be at¬ 
tained with integrated com¬ 
ponents, are mounted out¬ 
side the integrated cir¬ 
cuit containers, 
eliminating 
power dis¬ 
sipation 
problems. 


Full-width copper ground 
plane sandwiched between 
epoxy-glass boards mini¬ 
mizes circuit inductances and 
discourages noise spikes. 
Mounting cases also have 
full-width shield planes to 
retard noise coupling 
between logic wiring. 


Discrete input diodes enable 
us to place the switching 
threshold right in the middle 
of the logic swing. 


Scientific Data Systems. 
Santa Monica, California 


Circuit output may change state 


T Series logic levels are 0 and -f-4 volts, 
and noise rejection is 1.5 volts minimum, 
leaving a maximum uncertainty band 
only one volt wide within which noise can 
trigger the circuit output. This uncertainty 
band of 25% is far 
narrower than those 
of other I.C. mod¬ 
ules on the market. 
















FET MULTIPLEXER SENSING 
SCHEME FOR CORE MEMORIES 


Low-level field-effect-transistor multiplexer 
is described as a new technique tor significantly 
simplifying sense amplifier design. 



Fig. 1 Typically-used sensing schemes for multi-sense lines. 


The bit plane of a large high-speed 
core memory is usually divided into 
a number of sensing sections, each 
with a separate sense line. This pro¬ 
vides a good signal/noise ratio. In 
order to accept information from 
any one of these sense lines, one of 
the schemes shown in Fig. 1 is nor¬ 
mally used. This article presents a 
new sensing technique which uses 
a low level field effect transistor 
(FET) multiplexer (Fig. 2) to 
switch in signals from various sense 
lines into a single sense amplifier. 
This technique was employed with 
the 15,000 word, 1 us, 3D core mem¬ 
ory used as a central memory in Bur¬ 
roughs’ B3500/B2500 computer sys¬ 
tems. 

Low-Level FET Multiplexer 

In the sensing scheme depicted in 
Fig. 2, the multiplexer consists of 
seven pairs of FET switches; six pairs 
for six sense lines plus an additional 
pair. Each sense line requires a pair 
of FET switches, since sense signals 
are balanced. During read time of 
the memory cycle, one pair of 
switches is turned ON, thus accept¬ 
ing information from the correspond¬ 
ing sense line. During write time, all 
of the sense line switches (six pairs) 
are open, thus blocking entry of any 
inhibit noise into the sense amplifier. 
This opening of all sense line 
switches, during write time, elimi¬ 
nates sense amplifier inhibit recovery 
problems. The additional pair of 
switches (called dummy) with short 
input is essential as a means for pre¬ 
venting the sense preamplifier input 
from floating during non-read time. 
This pair of switches is turned ON 
only during the non-read time. 

Fig. 3 shows the equivalent circuit 
of the FET multiplexer during read 
time. For a typical memory 1 signal, 
which may be a (sin-) pulse, with a 
duration of 200 nsec, a very small 
amount of attenuation is offered. 
However, this only occurs if the dif¬ 
ferential amplifier input impedance 
is high. Also present during read 
time is the coupled noise due to read 
currents. This noise is in the form of 
common mode ringing at approxi¬ 
mately 10 MHz. The rds (ON) of 
the switches, and the capacity of all 
OFF switches, provide an attenua¬ 
tion to this high frequency noise. 
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This attenuation, though small at 
high frequencies (10 MHz), can 
convert common mode noise into dif¬ 
ferential noise if there is variance in 
the attenuation of the switches which 
comprise the pair being used, thus 
deteriorating signal/noise ratio. To 
achieve common mode rejection in 
the range of 25 at lOMHz, r^s (ON) 
is matched within 20 ohms. Capac¬ 
ity balance, to a degree, is to be 
expected since it is summation of ca¬ 
pacities due to several OFF switches. 

The positive inhibit noise pulse 
that can be blocked will be the gate- 
source breakdown voltage (30V) 
minus applied OFF bias (12V) while 
the negative inhibit noise pulse that 
can be blocked will be the applied 
OFF bias (12V) minus gate cut-oflf 
bias (8V). As shown in Fig. 4(a), 
inhibit noise voltages of as much as 
3 volts can be blocked in the present 
scheme. Fig. 4(b) shows typical 
switching transients as compared to 
a typical 1 signal. 

When any pair of switches is 
turned ON or OFF, charging or dis¬ 
charging of gate capacities produces 
transients. These transients are most¬ 
ly common mode in nature and are, 
for the most part, rejected by the 
differential preamplifiers. Amplitude 
and time constants (of switching 
transients) can be further reduced by 
overlapping gate switching wave¬ 
forms in such a way that one pair of 
switches is always ON while the 
other is switching as shown in Fig. 5. 

Sense Amplifier 

The differential preamplifier shown 
in Fig. 6 not only provides differen¬ 
tial gain but also converts bipolar 
sense signals into positive polarity 
signals, thus eliminating the need for 
a dual comparator. Its high input 
impedance makes attenuation of 
sense signals in switches negligible. 
Further, it reduces the discrimina¬ 
tion uncertainty window of the dif¬ 
ferential comparator by the factor of 
gain. Since the preamplifier is not 
exposed to inhibit recovery problems, 
it is ac-coupled. This eliminates the 
problem of zero shift and the need 
for individual adjustment usually re¬ 
quired for typical dc sense amplifiers. 

The differential preamplifiers out¬ 
put goes to one of the inputs of the 
high-speed differential comparator 


RAMAN SARDA 

AAr. Raman Sarda received a B.E. 
(Honors) degree from Engineer¬ 
ing College, Jabalpur, India, and 
a AA.S.E.E. from Stanford Univer¬ 
sity. In 1964, he joined Bur¬ 
roughs Corp. in Pasadena, Calif, 
where he was engaged in B2500 
systems memory development. 
Currently, he is with Lockheed 
Electronics Co. in Los Angeles, 
Calif. 




Fig. 2 Schematic of the FET multiplexer sensing scheme. 
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C = CAPACITY DUE TO ALL OTHER SWITCHES + AMP INPUT CAPACITY ETC « 30 PF 

R = F. E.T. 'on' resistance [^dsCoTi)] 

AR = ± 20 n. 

Fig. 3 Equivalent circuit of ON switch. 



Fig. 4(a) Inhibit noise blocking. 



Fig. 4(b) Typical 1 signal and switching transients. 


(Fairchild ua710) where it is com¬ 
pared with the reference level fed to 
the other input. If the signal level 
exceeds the reference level, then a 
pulse of 3.0 volts (typical 1) results 
at the output of the differential com¬ 
parator. As was shown in Fig. 2, the 
strobe pulse is fed to diode D3, thus 
clamping the reference level to -f 0.6 
volt during non-strobe time. This 
blocks the firing of the differential 
comparator due to switching tran¬ 
sients or core delta noise peaks. Dur¬ 
ing strobe time, D3 is cut off and the 
reference level decreases to a normal 
discrimination level. Timing of the 
strobe pulse edge is selected around 
the peaking time of the sense 1 signal 
so as to provide discrimination at a 
maximum signal/noise point. The 
output of the differential compara¬ 
tor, which is a narrow pulse, is fur¬ 
ther stretched and buffered before 
it goes to the memory output termi¬ 
nals. 

Conclusion 

FET multiplexing provides an excel¬ 
lent technique for selecting sense 
lines. Inhibit noise is blocked from 
the sense amplifier thus eliminating 
inhibit recovery problems, and there¬ 
fore, simplifying sense amplifier 
design considerably. Problems of 
switching transients and of high-fre¬ 
quency common mode transmission 
along switches can be overcome satis¬ 
factorily. Though this technique was 
developed for a 1 us memory, it 
has potential usage at even faster 
speeds. ■ 
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Fig. 5 Timing waveforms in a typical memory cycle. 



Fig. 6 Schematic of differential preamplifier. 


















































Special New Product Announcement 

LIGHTED PUSHBUTTON SWITCHES 

Plug-in switch modules feature 
pre-assembled mounting racks 
and crimp-type wiring terminals 




ifot ■ 
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Master Specialties' new lighted pushbutton switches are said 
to be the first to offer pre-assembled mounting racks and ter¬ 
minal band assemblies. The racks only require one front 
panel cutout per assembly. 



The use of crimp-type wiring terminals allows faster installa¬ 
tions. 


Claimed to be an entirely new con¬ 
cept in plug-in lighted pushbutton 
switches, a new line of modules of¬ 
fers increased display area-to-switch 
size ratios, more efficient use of front 
panel space, crimp-type wiring, and 
pre-assembled custom mounting racks 
that will hold up to 144 switches in 
a single panel cutout, secured with¬ 
out visible hardware. The new unit, 
designated the 800 Square Tellite 
Switch by Master Specialties of 
Costa Mesa, California, gets its name 
from the square display and module 
dimensions that allow mounting on 
0.800" centers. 

Housed in a module reduced to 
the smallest possible size compatible 
with finger tip operation, the lighted 
pushbutton switch employs a 0.750" 
lens frame and a display face that 
may be used for displays from full 
to four-way splits, easily accommo¬ 
dating up to four lines of legend. 
Four T-1 54" miniature incandescent 
or neon lamps provide illumination 
and remain stationary during switch 
actuation. 

Another exclusive feature claimed 


for the new switch is the finger tip 
plug-in or removal of the module 
from the mounting rack. The unit 
has integral and well-marked pin- 
type terminals which mate with the 
terminal blocks secured into the 
mounting rack assembly. Both ter¬ 
minals and mating block are keyed 
to an integral guide post to prevent 
erroneous installation. Accidental 
loosening of connections or removal 
is prevented by engaging the unit’s 
locking device. 

The manufacturer states that a 
wide proliferation of component part 
choice has been developed. Switches 
may be designed to fulfill almost any 
specific application requiring an il¬ 
luminated pushbutton switch. Vari¬ 
ables available are: lamp selection, 
display screen configurations, lenses, 
filters, colors, and choice of lamp 
illumination sequence. In addition, 
if switches are not needed, they may 
be eliminated, allowing the unit to 
be used as an indicator only. 

Highlighting the newly-introduced 
switch are the custom mounting rack 
and terminal block assemblies, sup¬ 


plied completely assembled. Racks 
house from one to 144 switches in 
maximum matrix configurations of 
12 X 12 or 5 x 20. The entire switch/ 
mounting rack assembly requires only 
one panel cutout to mount from one 
to 144 switches. The crimp-type ter¬ 
minals are intended to reduce in¬ 
stallation time and produce long 
temi reliability. These terminals may 
be crimped onto harness wires in a 
fraction of the time required by other 
conventional methods, according to 
the company. Once installed, ter¬ 
minals are inserted into the well- 
marked terminal block on the back 
of the mounting rack, enabling the 
plug-in module to be placed into 
immediate service. However, should 
the need arise, these universal ter¬ 
minals may be soldered onto a wide 
range of wire sizes and still retain 
their ability to be installed into the 
terminal blocks rapidly. 

For more information on these new 
switches: 

Circle No. 108 on Inquiry Card 
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Monsanto's 
new semiconductor 

light sources 
offer you 13 
important 
features 


••••••• 



Monsanto semiconductor light 
sources are solid state devices. 
They have no filaments to bum 
out. They emit visible or infrared 
light. The optical properties of 
the output light make them well- 
suited to a host of applications. 
Check these features: 

Physical 

©Unusually long life 
•Miniature size 
•Rugged 


Electrical 

• Low voltage operation (1.6v) 

• Low current requirement 
(5-100 ma) 

• Low power consumption 

• Fast switching (10 nsec) 

• Linear output 

• Forward bias operation 

Optical 

• Adjustable light output 
(0-100 ft. lamb.) 


• Narrow band width (half width 
400A) 

•Selective wave length 
(6000-9000A) 

• Epoxy lens for light magnifica¬ 
tion and collimation 

We’d like to tell you more. Call 
(314) oxford 4-2136, or write: 
Monsanto Company, 800 N. 
Lindbergh Boulevard, St. Louis, 
Missouri 63166. 



ELECTROfsIlCS 
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A MEMORY-EXPANDER DRUM 


Drum system developed for the P DP-8 IS 
increases computer power 33 times 
while just doubling the price 



The PDP-8/S computer, introduced 
by Digital Equipment Corporation 
about ten months ago, has proved 
to be so popular that nearly 600 have 
been ordered. As a single-address, 
12-bit-word-length serial computer 
with 4096 word core memory, the 
PDP-8/S is relatively slow (36 usee, 
add time) but well-suited to a wide 
variety of control applications. The 
price, at around $10,000, makes it 
one of the least expensive general- 
purpose computers available. In ad¬ 
dition to low cost, the PD P-8/S uses 
a bus I/O system which permits 
interfacing with up to 64 peripheral 
devices on an effectively time-shared 
basis. 

Full utilization of these capabili¬ 
ties, in most practical cases, requires 
program and data storage far beyond 
the basic 4096-word core memory 
provided. Additional stacks may be 
obtained (up to 32,768 words), but 
a far less expensive technique, which 
also offers greater capacity, is the 
use of an external magnetic surface 
memory system. Such a system has 
been designed which can be plugged 
into the PDP-8/S for immediate use, 
offering 131,072 word capacity, com¬ 
plete interface hardware, and all 
necessary drum routines pre-recorded 
on the drum, at a cost of only 
$9,950. The drum systems, desig¬ 
nated the 1104S, were develop>ed by 
Vermont Research Corporation, of 
North Springheld, Vermont, and are 
being manufactured and marketed 
by this firm. Versions are available 
for other small computers. Systems 
software was developed under a 
VRC contract, by Bedford Associ¬ 
ates, Inc., of Bedford, Mass. 

The extended capacity is equal to 
32 additional 4K stacks, and can 
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serve as data or program storage. A 
number of programs and sub¬ 
programs may be stored, and called 
for as a part of the program being 
run, with transfer on an individual- 
page basis, at 138 msec, per page, or 
in 6- or 7-page groups. The entire 
replacement of a core requires 4.4 
seconds. The drum may be operated 
under interrupt mode, thus allowing 
the computer to process other data 
while transfer is being accomplished. 
Word transfer is at the rate of one 


word per millisecond, which allows 
time for the PDP-8/S to accomplish 
some processing between drum inter¬ 
rupts. The drum can be easily modi¬ 
fied to achieve rates up to one word 
every 17 microseconds, for use with 
a PDP-8 with data break. 

Program and data transfers may 
be made a part of the object pro¬ 
gram, or called for by external in¬ 
puts. A complete package of software 
routines is provided to allow read 
and write transfers to and from the 
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drum. For example: 

• A routine that transfers all but 
the last page of core (tape loaders 
and the counters of the transfer rou¬ 
tine use the last page) 

• Routines to effect transfer of a 
selected number of pages with or 
without program interrupt 

• A drum diagnostic routine. 

Normally, exchange of programs in 
the PDP-8/S requires running in tl^e 
object tape on the ASR-33 tape 
reader, which may require as much 
as 13 minutes; with the 1104S drum 
system, this transfer can be accom¬ 
plished in less than 5 seconds. This 
quick-change feature reduces non¬ 
productive computer time. In the 
assembly of new programs, which 
can require several hours of read-in 
and punch-out operations, the time¬ 
saving can amount to over 759^. 
Changes and corrections are also 
speeded and simplified. The ability 
to switch programs, and even assem¬ 
blers, in a few seconds under pro¬ 
gram control will allow the computer 
to be used in many more applications 
than previously thought feasible. 
Longer, more sophisticated programs 
may be used, increasing the useful¬ 
ness of the computer in all applica¬ 
tions. In machine and process con¬ 
trol, or when used as a peripheral 
computer in a EDP complex, the 
1104S-8/S unit can monitor and 
direct up to 62 I/O devices, with 
complex processing. As a substitute 
for a time-sharing tenninal, it is 
cost-competitive and requires no 
cabling. As a time-shared instruc¬ 
tional computer, it is economically 
feasible for schools. The overall ef¬ 
fect is that of a computer, capable 
of limited time-sharing and general 
multiprocessing, operating at speeds 
suitable for nearly all process control 
applications, with capacity for more 
than 128K words and up to 62 addi¬ 
tional I/O devices, and available at 
a total cost of less than $20,(300. 

Three models of the 1104S serial 
drum system are currently available 
to interface to computers using pro¬ 
gram-controlled transfers (I/O chan¬ 
nel) ; data channel transfers (3-cycle 
data break); and direct memory 
access channel (single-cycle data 
break). For more infonnation on 
these systems : 
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Photoeieciric 


Paper 


Tape 


Readers 


READ ANY KIND OF PAPER TAPE 


PHILADELPHIA, PENNA. 
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Reflected light is the secret behind GE’s 80 and 90 Series of 
photoelectric paper tape readers’ ability to read any kind of 
tape. Unlike readers which rely on mechanical feelers or 
straight-through optics, these readers reflect light from the 
tape to sensing elements. The 80 and 90 Series can read 
opaque, translucent, transparent, colored, punched, printed- 
all kinds of paper tape with proven reliability. 

GE photoelectric paper tape readers are fast. The 80 Series 
can read up to 500 characters per second; the 90 Series 
can read up to 1000 characters per second. Other features 
include: 

• A-c or d-c coupled amplifiers 

• Silicon solid-state components 

• No mechanical adjustments in drive mechanism 

• Unidirectional and bidirectional models 

• Variable tape width capability on all models 

A complete line of reelers are available to match these 
photoelectric paper tape readers. Get all the details on the 
80 and 90 Series, write: Sales Manager, GE Printer-Reader 
Business Section, 511 N. Broad St., Philadelphia, Penna. 

837-02 

PRINTER-READER BUSINESS SECTION 


GENERAL 


ELECTRIC 








4 


arithmetic 


f 


Part 4 



Multiplication and Division 


Editor's Note: This series of articles on negative radix 
arithmetic was introduced in the May issue followed 
by Parts 2 and 3 in the June and July issues, respec¬ 
tively. To date, the advantages, terminology, conven¬ 
tions, and properties of negative radix systems were 
discussed and addition and subtraction-operations in 
negative decimal arithmetic were illustrated. 


The major obstacle in learning negative radix arith¬ 
metic is remembering — consistently — to change the 
signs of the carries. A lifetime habit is not easily by¬ 
passed and remembering to change the sign of the carry, 
each and every time one occurs, is very difficult to do. 
Most readers will by this time have found that virtually 
all of their errors were in failing to follow this rule. Be¬ 
fore progressing from the simple two-operand operations, 
discussed in Part 3, to multiplication and division, it 
would be appropriate to study multiple-operand addi¬ 
tion briefly. In two-operand addition, carries are 0, 1, 
and N; in multiple-operand addition, the possibility of 
carries greater in magnitude than unity arises. This is 
true also in multiplication. 

The fact that addition of numbers expressed in nega¬ 
tive radix notation is pure addition is of some potential 
importance in machine computation, since the addition 
of such numbers is accomplished by forming the true 
sum of all of the operands; by contrast, in positive radix 
notation the addition of numbers of mixed signs is done 
by forming separate sums for the positive numbers and 
the negative numbers, and then taking the difference 


of the two sums. Therefore, the digit-oriented operation 
of negative radix notation again offers advantages over 
the operand-oriented operations of positive radix nota¬ 
tion, and single-stage, multiple-operand adders are quite 
feasible. These properties can be illustrated here by 
means of examples. 

A purist might protest that rigor demands that tables 
similar to those in Part 3, including carries of magnitude 
greater than unity, be presented for the execution of 
these examples. Fortunately, this is not a rigorous pre¬ 
sentation and we can assume that the reader will have 
no trouble dealing with larger magnitude negative carry 
digits, either operationally or conceptually. The prob¬ 
lem does not arise at all in machine computation, since 
only one digit product at a time is added to the partial 
product in normal multiplication, and the so-called si¬ 
multaneous multiplication is a special and distinct prob¬ 
lem. We shall, therefore, not present special addition 
tables for negative carry digits; the procedure can be 
considered to be identical to subtracting positive carry 
digits. 

In the following examples, the examples on the left 
are in negadecimal, and those on the right are in 
decimal; the underlined digits on the top represent the 
carries-in. Note that, as in Part 1, we are denoting 
negative digits by bold-face type. 


• Example 1 Add: 2321 1211 

821 + “^1 

1934 - 126 

18974 + 2834 

56035 +43975 

9862 - 8258 

41206 +39206 
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• Example 2 Add: 12432 1011 

48971 +32831 

5854 - 4246 

6342 - 5738 

1775 - 365 

795 + 615 

184915 -23105 

000012 - 00008 


These examples should illustrate quite clearly the 
superiority of negative radix arithmetic where addition 
of more than two operands is concerned. In manual 
multiplication, of course, mixed polarities do not occur 
in the addition phase; this is taken up in the next 
section. 


MULTIPLICATION 

Multiplication of negadecimal numbers is exactly the 
same as multiplication of unsigned decimal numbers, 
except, of course, for changing the sign of the carry. In 
negadecimal arithmetic, however, the same algorithm 
is used regardless of the polarities of the operands and 
the proper product polarity is automatically produced. 

The difference between decimal and negadecimal mul¬ 
tiplication of numbers of mixed polarity is shown in 
Fig. 1 which is a combined flow chart of the operations. 
The end of the oj^eration is reached for negadecimal 
as soon as the multiplication proper is complete; for 
decimal, it is still necessary to develop the sign of the 
product by comparing the signs of the operands accord¬ 
ing to the law of signs for multiplication. 


Following the pattern set in the previous article, for 
addition and subtraction, the multiplication table for 
negadecimal w'ould look exactly like the corresponding 
decimal table, except the sign of the carry digit (the 
left-hand digit of the two-digit product) is negative or 
zero. For example, 4x7 = 28 for negadecimal, and 
+ 28 for decimal. The proper negadecimal product, of 
course, is 188, but it is much easier to add a —2 (sub¬ 
tract 2) than to add 18 for the carry. 

In fact, there is a tendency to write down at the 
same time both of the two product digits which might be 
formed by a multiplier digit and the most significant 
multiplicand digit. This is all right in decimal; in 


NOW AVAILABLE 

A Negadecimal Add/Subtract Module 

For demonstration or experimentation — 
Complete with input/output and power supply; 

negadecimal in-negadecimal out. 
Modular by digit — 

Buy only as many digits as you desire. 

For more information: 

Circle No. 103 on Inquiry Card 
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negadecimal, however, it will not work. Only one digit 
at a time can be set down; the higher order digit of a 
jjair must be considered a carry digit, with the sign 
appropriately changed. This is illustrated in the second 
multiplier digit of the following example where, as usual, 
the negadecimal example is on the left and the decimal 
on the right. 

• Example 3 Multiplication of two positive numbers 

( + 5 + ) • 


267 

-f 147 

374 

+ 234 


4 588 

19189 

+ 441 

361 

+ 294 

046418 

+ 34398 

In this example, let us compute 

the second partial 

product line formed by the multiplier digit “7.” 


(1) 7x7 = 9, carry^ —4; 

(2) (7 X 6) —4 = 8, carry —3: 

(3) (7 X 2) — 3 == 1, carry “ 1; 

(4) 0 — I = 9, carry -f 1; > not (7 x 2) — 3 = 11 


(5) 0 + 1 = 1 


Other examples follow for the remaining combinations 

of operand polarities. 


• Example 4 (-h, “) * 


267 

4- 147 

1846 

- 234 

922 

- 588 

628 

- 441 

19236 

-294 

267 

-34398 

0175602 


• Example 5 (—, +): 


1953 

- 147 

374 

+ 234 

1592 

- 588 

1031 

- 441 

1659 

-294 

175602 

-34398 

• Example 6 (—, — ): 


1953 

- 147 

1846 

- 234 

1298 

+ 588 

1592 

-f 441 

2984 

4-294 

1953 

+ 34398 


0046418 


Multiplication and 
Division Nomenclature 

Negativ^e radix multiplication, addition, and subtraction 
are easier from any point of view than the correspond¬ 
ing conventional operations simply because intrinsically 
few'er steps are involved; this is true as a direct con¬ 
sequence of the fact that in each case knowledge of sign 
is incidental to the procedure rather than intrinsic to 
the operation. 

In division, however, knowledge of sign or polarity is 
intrinsic to the operation. Intuitively, division, as an 
operation, may be referred to a number line, the object 
being to detennine how’ many times a given inter\^al 
(the divisor) can be stepped off from the starting point 
(the dividend) without crossing zero. Therefore, by 
definition, the process is complete when the next step 
would cross the zero point to land in the number se¬ 
quence of opposite polarity from the starting point. In 
short, the test for completion of the operation, as de¬ 
fined, is a comparison of the polarity of the remainder 
with the polarity of the dividend. Therefore, the prop- 
perty of negativ'e radix notation which is advantageous 
in addition, subtraction, and multiplication is a dis¬ 
advantage in division. However, this disadvantage ap¬ 
plies primarily to manual arithmetic, where it is of no 
particular importance; in automatic computation, easy 
polarity detection substantially reduces the importance 
of the disadvantage. 

In fact, manual negaradix division is much more in¬ 
volved in virtually all ways than the automatic variety. 
At the same time, a study of manual arithmetic is im¬ 
portant for the insight it provides into the requirements 
for automatic division. There is no getting around the 
fact, however, that manual negative radix division is 
an intricate, difficult, and exasperating experience. How¬ 
ever, it is a fascinating one, and a successfully-completed 
long division can be counted as a genuine achievement. 

Since a division operation is so intricate, it w'ill be 
useful to define carefully all of the various quantities 
occurring in the course of it. Because multiplication 
and division are indeed processes with identical quan¬ 
tities appearing in reverse order, the terms will be de¬ 
fined reciprocally, using a common set of symbols. This 
w411 simplify any algebraic analysis that might be useful. 

Again, rather than concentrating on a rigorous pre- 
.sentation, we will make use of the reader’s knowledge 
of division, existing conventions, and his intuition, by 
using examples to define terms. Accordingly, the terms 
are used in Figs. 1 and 2, flow charts for multiplication 
and division. Their reciprocal relationships and sym¬ 
bols are shown in Table 1, and their identities in Tables 
2 and 3. As may be expected, the i subscripts refer to 
the standard polynomial position numbers, which are 
identical to the corresponding radix superscripts; r is 
the radix. Note that the division operation (Table 3) 
illustrates the performance of 154398 263, the result 

of which is 587 with remainder 17, and the multiplica¬ 
tion operation (Table 2) illustrates the operation 263 X 
587 -f 17, the result of which is 154398. The initial 
partial product of 17 in Table 2 is not a proper part of 
a normal multiplication but is included to represent the 
analogous quantity in division — the remainder. 

The relationship and identity of the quantities and 
their names for the two operations can readily be traced 
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in these tables. It should be remembered, in the dis¬ 
cussions which follow, that a subscript always refers to 
the position number as used in the standard polynomial, 
and not to the order or sequence in which the corre¬ 
sponding digit or number is used or generated. Capital 
letters generally refer to entire numbers, and lower case 
to individual digits. 

One further distinction can usefully be made; it 
acknowledges the fact that some division algorithms may 
produce a non-zero remainder opposite in polarity to 
that of the dividend when the procedure is complete. 
Such a quotient or remainder, and the division algorithm 
itself, will be called “improper” ; when the remainder is 
zero or of the same polarity as the dividend, the quotient, 
remainder and algorithm will be called “proper.” Al¬ 
though such a fine distinction is more germane to a dis¬ 
cussion of machine arithmetic, it will be found useful 
here, too. 

INTRODUCTION TO DIVISION 

Manual negative radix division is not only intricate 
and difficult, as stated earlier, it is downright frightful. 
Any hope of using negadecimal in manual calculation 
which might survive the many other valid objections 
withers completely when division is approached. For¬ 
tunately this frightfulness does not apply to machine 
division; in fact, machine negative radix division has all 
of the advantages of normal division using sign-and- 



Fig. 1. Flow chart for decimal and negadecimal multiplica¬ 
tion. 


magnitude notation, and none of the disadvantages of 
division using complementary notation. It also has some 
advantages and some disadvantages unique to itself. 

This contrast between the complexity of manual and 
the ease of machine division stems from the contrast 
between the ways in which people and machines com¬ 
pute, together with the many steps and sub-operations 
of virtually any successful division algorithm. In manual 
decimal division, these include multiplication and com¬ 
parison of magnitude. Comparison of polarities is easy 
because of the presence of explicit-polarity indicating 
symbols. In manual negadecimal, comparison of num¬ 
bers of even the same polarity is difficult; where the 
polarities are opposite, it is well-nigh impossible. Al¬ 
though a modest amount of mental calculation can be 
used, this is a far more complex process than the simple 
comparison of symbols possible in normal decimal. Com¬ 
parison of polarities requires essentially counting the 
number of digits in each of the two operands. In 
machine computation, the problems for the two nota¬ 
tions are very similar although polarity detection is 
somewhat more complex in negative radix devices. 

The importance of explaining and developing manual 
negative radix division lies in the fact that the key to 
the design of efficient, simple machine algorithms is 



Fig. 2. Flow chart for manual decimal division of unsigned 
numbers. 
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TABLE 1 


MULTIPLICATION AND 
NOMENCLATURE AND 

DIVISION 

SYMBOLS 

SYMBOL 

MULTIPLICATION 

DIVISION 

D 

Multiplicand 

Divisor 

Q 

Multiplier 

Quotient 

A 

Product 

Dividend 

qi 

i*^^ multiplier digit 

ith quotient digit 

D • qi 

ith j|g]f product 

ith digit product 

at 

ith product digit 

i*>' dividend digit 

Ai 

i**' partial product 

i<^h remainder 

r • Ai+i + ai 

i**’ sum 

i^'* partial dividend 

1-1 

r‘ • Ai + I r'ai 
o 

Interim product 

Interim dividend 

r‘ (D*qi) 

Weighted digit product 

Weighted digit product 

r‘ (r • Aui + ai) 

Weighted sum 

Weighted partial dividend 


more a matter of familiarity with the inherent idio- 
svTicracies of negative radix division than a precise 
mathematical analysis of the operation. As stated earlier, 
such familiarity is much more easily achieved through 
examples in negadecimal than in negabinary. 

Since we do decimal division without being conscious 
of the many human capabilities on which this operation 
draws, it would be fruitful first to analyze a division 
operation. The flow chart of Fig. 2 makes it clear that 
the manual algorithm is really a combination of several 
relatively-independent algorithms. The steps correspond¬ 
ing to these algorithms are as follows: 

(1) Determine initial trial quotient digit position. 

(2) Determine trial quotient digit. 

(3) Compute the new remainder. 

(4) Test remainder and adjust quotient and re¬ 
mainder if necessary. 

(5) Obtain next partial dividend (bring down next 
digit). Repeat steps (2) to (5). 

As an example of the relative independence of these 
steps, the decision as to which of several algorithms will 
be used for step (4) may be made without regard to 
the other steps in the division process. Assuming that 
the test of step (4) shows the trial quotient digit to be 
incorrect, the quotient may be adjusted by any of several 
methods. One is to substitute a new trial quotient, and 
then to repeat step (3) ; this procedure is not really 
a very good one. A second method is to estimate an 
incremental quotient based on the new remainder and 
then to repeat steps (2) and (3) using the increment. 
A third method, which will minimize the agony all 
around, is to add or subtract the divisor to or from 
the remainder and to make corresponding unit adjust- 


TABLE 2 

MULTIPLICATION NOMENCLATURE 


Symbol 

D 

Q 

Ao 

D • qo 


Ai 

lOAi + flo 


D • qi 


As 

10A2 + ij 


D • 


Aa 

lOAa + >2 


Quantity 
to left of 
Vertical 
Line 

MultipHcand 

Multiplier 

Partial 

Product 

(initial) 

Digit 

Product 


Sum 

Partiai 

Product 

Digit 

Product 


Sum 

Partial 

Product 

Digit 

Product 


Sum 

Partial 

Product 


Multiplication 
+ 263 
+ 587 


+ 17 


+ 1841 


+ 1858 
+ 185 


+ 2104 


+ 2289 
+ 228 


+ 1315 


+ 1543 


00 


98 


+ 1541398 


Quantity 
on Entire 
Line 

Multiplicand D 
Multiplier 0 

A.. 


Interim 

Product 

(initial) 

Weighted 

Digit 

Product 

Interim 

Product 


Weighted 

Digit 

Product 

Interim 

Product 


Weighted 

Digit 

Product 

Product 


Symbol 


D • qo 


lOAi + au 


10 • D • qi 


10- • A 2 + lOai + ao 


10- • D • qs 


Symbol 




10Aa + as 


D • qs 

As 

lOAs^ a, 


D • qi 


Ai 

10A, + ao 
D • q.i 


Ai 


TABLE 3 


DIVISION NOMENCLATURE 


Quantity 
to left of 
Vertical 
Line 


Quantity 
on Entire 

Division Line Symbol 

• 263 Divisor D 


t 587 Quotient Q 

Remainder / r 154|398 Dividend A 

(initial) 


Partial 

Dividend 


I 1543 


98 


Dividend 


A 


Digit 

Product 


f 1315 


00 


Weighted 

Digit 

Product 


10- • D • qa 


Remainder 

. 228 98 

Interim 

10- • A. + lOai 

Partial 

Dividend 

f2289 

8 

Dividend 


Digit 

Product 

1 2104 

0 

Weighted 

Digit 

Product 

10 • D • qi 

Remainder 

f 185 

8 

Interim 

lOAi 4 ao 

Partial 

+ 1858 

Dividend 



Dividend 


Digit 

Product 


r 1841 


Weighted D • q,. 

Digit 

Product 


Remainder 

(final) 


+ 17 


Final An 

Remainder 
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ment to the quotient digit. This procedure is essentially 
that of reverting to a mechanical repeated subtraction 
algorithm applied only to quotient adjustment. 

Each of the above steps will be explained separately 
and illustrated by examples. 

• Step 1: Determine the initial trial quotient digit po¬ 
sition. As taught in the good old days, this step con¬ 
sisted of covering up some of the lower order dividend 
digits, leaving as many high order dividend digits un¬ 
covered as there are divisor digits. This uncovered part 
is w'hat we are calling the remainder, and is thus the 
“initial remainder.” The position of the lowest order 
digit of the initial remainder establishes the position of 
the first trial quotient digit. If this initial remainder 
is less than the divisor, then the first quotient digit is 
zero. The next dividend digit is then included in the 
high-order group of digits to form the first partial divi¬ 
dend. The effect of this possibility is then merely to es¬ 
tablish that the next lower order position is the location 
of the first non-zero quotient digit. On the other hand, 
if the initial remainder is greater than or equal to the 
divisor, then the position of the trial quotient digit is 
correct, and the initial remainder is the first partial 
dividend. In either case, the first quotient digit can then 
be determined. 

In negadecimal division, things are not so straight¬ 
forward. Consider the following multiplications: 

1909 x 1909 = 12321 

909 X 1909 = 123321 

909 X 909 = 1234321 

The first product has five digits; in normal decimal, 
two four-digit factors result in a product of no few^er 
than seven digits. The third product has seven digits; 


in normal decimal, there would be no more than six 
digits. By posing these examples as divisions, the reader 
can establish for himself that the position of the highest- 
order digit can vary in either direction from that which 
w'ould result from the algorithm described for normal 
decimal division. 

However, it can be shown that this position is still a 
good one to start from and that it will, in many cases, 
be the correct one. As in decimal division, subsequent 
steps in the algorithm comprise automatic corrective 
action. It should be noted that this rule will provide 
a position w^hich is correct from a polarity point of view; 
therefore if it is not numerically correct, the correct 
position will be two positions to either left or right. 

• Example 7 Divide 321726 by 823 (step 1 only) : 

X 

823/321726 

• Example 8 Divide 1234321 by 909 (step 1 only) : 

X 

909/1234321 

• Example 9 Divide 12321 by 1909 (step 1 only) : 

X 

1909/12321 

• Step 2: Determine the initial trial quotient digit. 
Having established the place to put it, we can now try 
to establish what it might be. In decimal division, we do 
this by using our solidly-ingrained knowlegde of multi¬ 
plication tables to estimate how' many times, less than 
ten, that the divisor will go into the partial dividend. 
If the numbers are very large, w^e simplify the estimating 
process by considering only the hrst few divisor digits 
and cover up a corresponding number of partial divi- 


TABLE 4 

NEGADECIMAL DIVISION TABLE 


Quotient Digits 


Divisor 

Digits 

17 18 

19 

00 

1 2 

3 

4 

5 

6 

7 

8 

9 

190 

180 170 

19 

003 

002 

001 

00 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

20 

18 

006 

004 

002 

00 

18 

16 

14 

12 

10 

28 

26 

24 

22 

20 

40 

17 

009 

006 

003 

00 

17 

14 

11 

28 

25 

22 

39 

36 

33 

30 

60 

15 

195 

190 

005 

00 

15 

10 

25 

20 

35 

30 

45 

40 

55 

50 

1900 

13 

181 

194 

007 

00 

13 

26 

39 

32 

45 

58 

51 

64 

77 

70 

1940 

11 

187 

198 

009 

00 

11 

22 

33 

44 

55 

66 

77 

88 

99 

90 

1980 

29 

173 

182 

191 

00 

29 

38 

47 

56 

65 

74 

83 

92 

1901 

1910 

1820 

27 

179 

186 

193 

00 

27 

34 

41 

68 

75 

82 

1909 

1916 

1923 

1930 

1860 

24 

168 

172 

196 

00 

24 

48 

52 

76 

80 

1904 

1928 

1932 

1956 

1960 

1720 

21 

157 

178 

199 

00 

21 

42 

63 

84 

1905 

1926 

1947 

1968 

1989 

1990 

1780 

37 

149 

166 

183 

00 

37 

54 

71 

1908 

1925 

1942 

1979 

1996 

1813 

1830 

1660 

32 

124 

156 

188 

00 

32 

64 

96 

1928 

1940 

1972 

1804 

1836 

1868 

1880 

1560 

47 

119 

146 

173 

00 

47 

74 

1901 

1948 

1975 

1802 

1849 

1876 

1703 

1730 

1460 

42 

294 

136 

178 

00 

42 

84 

1926 

1968 

1990 

1832 

1874 

1716 

1758 

1780 

1360 

57 

289 

126 

163 

00 

57 

94 

1931 

1988 

1825 

1862 

1719 

1756 

1793 

1630 

1260 

52 

264 

116 

168 

00 

52 

1904 

1956 

1808 

1840 

1892 

1744 

1796 

1648 

1680 

1160 

67 

259 

106 

153 

00 

67 

1914 

1961 

1828 

1875 

1722 

1789 

1636 

1683 

1530 

1060 

62 

234 

296 

158 

00 

62 

1924 

1986 

1848 

1890 

1752 

1614 

1676 

1538 

1580 

2960 

77 

229 

286 

143 

00 

77 

1934 

1991 

1868 

1725 

1782 

1659 

1516 

1573 

1430 

2860 

87 

399 

266 

133 

00 

87 

1954 

1821 

1708 

1775 

1642 

1529 

1596 

1463 

1330 

2660 

82 

374 

256 

138 

00 

82 

1964 

1846 

1728 

1790 

1672 

1554 

1436 

1318 

1380 

2560 

98 

366 

244 

122 

00 

98 

1976 

1854 

1732 

1610 

1508 

1586 

1464 

1342 

1220 

2440 

94 

358 

232 

126 

00 

94 

1988 

1862 

1756 

1630 

1524 

1418 

1492 

1386 

1260 

2320 

90 

330 

220 

110 

00 

90 

1980 

1870 

1760 

1650 

1540 

1430 

1320 

1210 

1100 

2200 


43 











negative 

i radix 


continued i 

arithmetic 


dend digits. 

Since oiir knowledge of the negadecimal multiplica¬ 
tion is, at best, derived from our knowledge of the deci¬ 
mal tables, we have put the negadecimal tables in the 
form of Table 4. In this form, the table can be used 
directly to select a trial quotient digit. 

The first two digits of the divisor are placed in the 
first column, marked “Divisor Digits.” The first 2, 3, or 
4 di\’idend digits are given in the body of Table 4, and 
the trial quotient digit (or digits) is read from the 
top line. Actually, each pair of adjacent partial-dividend 
columns represents a range so that the quotient digit 
should be selected which straddles the two columns. If 
the actual partial-dividend digits exactly match a table 
entry, then the quotient digit selected might be either 
of the two over that column. In any case, the digit is 
an estimate and its correctness is subject to subsequent 
tests on the new remainder which results. 

The possibility that the trial position, detennined in 
step 1, may be off by two positions to the left is re¬ 
flected in the two right most columns, and is analogous 
to the situation in decimal where the trial digit is 9. 
If the trial quotient “digits” turn out to be 190 or 180, 
that really means that the initial trial position should 
have been two positions to the left, using a 1 as the trial 
digit. The second digit of 9 or 8 should not immediately 
be put down; it should be determined as a separate digit 
after the test on the 1. 

The possibility that the initial trial position should 
be two positions to the right is analogous to the situation 
in normal decimal in which the initial trial digit is 
zero. It is not as clear cut in negative radix division, 
however, not only because the numbers are confusing, 
but also because division is naturally non-restoring. Thus 
a trial quotient digit of 1 might be correct, even if 
the divisor appears to be too large. The correctness 
must be tested in a later step, after computing the re¬ 
mainder. 

The second, third, and fourth columns of Table 4, 
containing 3-digit numbers, have been provided for those 
cases where there are fewer digits in the dividend than 
there are in the divisor. An example is 6 divided by 
18 ( + 6 ~2). In this case, two zeroes should be 

placed before the dividend, in order to establish the 
initial remainder. The result is a dividend of 006, with 
a trial quotient of 17 or 18. The 1 is taken, over the 
second zero, as the trial quotient digit. 

The use of Table 4 will be made clearer for step 2 
by the following examples: 

• Example 10 Perform step 2 for Example 7; 

X 

823/321726 

Having established the position in step 1, vv^e now 
look at the first two divisor digits, 82, and the first 
two partial dividend digits, 32. The divisor digits are 


in the left-hand column of the table, and 32 lies (in 
magnitude) between 00 and 82 in the 5th and 6th 
columns. Therefore, we select 1 as the trial quotient 
digit. In general, the larger of two possible digits should 
be selected, since we are dealing with non-restoring divi¬ 
sion, and also, if we have to adjust, it is easier to add 
than to subtract the divisor. We therefore have: 

1 

823/321726 

• Example 11 Continue Example 8 (step 2) : 

1 

909/1234321 

The procedure and reasoning here are exactly the 
same as in Example 10. 

• Example 12 Continue Example 9 (step 2) : 

X 

1909/12321 

In this case, looking on the “19” line, we find “12” 
between column headings 8 and 9. We select the “9”, 
using the reasoning of the preceding examples: 

9 

1909/12321 

• Step 3: Compute the new remainder. This step is 
comparatively easy and straightforward. It actually com¬ 
prises two sub-steps, as follows: 

(3a) Compute digit product 

(3b) Subtract digit product from partial dividend. 

The result is the new remainder. Applying this step to 
the previous examples, we have the following: 

• Example 13 Continue Example 10 (step 3) : 

1 

823/321726 

823 

• Example 14 Continue Example 11 (step 3) : 

1 

909/1234321 

909 

• Example 15 Continue Example 12 (step 3) : 

9 

1909/12321 

1221 

n 

• Step 4: Test remainder and adjust quotient and re¬ 
mainder if necessary. The differences between normal 
division and negative radix division so far have been 
rather superficial. When we come to test the remainder, 
we come to the truly significant differences. Rather 
than forge ahead using normal division as a guide, we 
must take a long hard look at what happens in negative 
radix division. This topic requires a large part of an 
entire article and so it will be taken up in next month's 
issue. In the meantime, the intrepid reader can try 
negadecimal division for himself and prepare a flow 
chart corresponding to Fig. 2, remembering that it is 
naturally non-restoring. 
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1,000,000,000 BITS-FAST! 

More memory! Faster access!! More memory!!! Faster access!!!! This is the 
constant need of “Time Share” and “Management Information” Systems. 
How about 1,000,000,000 bits with an access time of 17 milliseconds... 
enough in a hurry? At Magne-Head, memories are made for this! For infor¬ 
mation on any of our high-performance 
Magnetic Memory Systems or Compo¬ 
nents, write or call today. Write for free 
16-page bulletin. 

MAGNE-HEAD DIVISION 

13040 South Cerise Avenue / Hawthorne, California 90250 / 213 679-3377 / 772-2351 / TWX 910-325-6203 


GENERAL 



INSTRUMENT 
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NEWLY-DEVELOPED MAGNETIC TAPE 


Chromium Dioxide Magnetic Tape Offers 
The Same Performance At 1600 BP I 
As Iron Oxide Tape At 800 BPI 



WAVEFORM NO. 1 


Waveform photograph taken from a 
standard 800 bpi compatible computer 
system using 500/250 microinch write/ 
read heads. This sequence of three 
ones imposes a crowded condition on 
the center pulse so that its peak height 
is depressed to about 70 per cent of 
that of the isolated pulses as indicated. 
This pattern is from standard iron oxide 
computer tape. 



WAVEFORM NO. 2 


For the same pattern on Crolyn mag¬ 
netic tape, the crowded pulse retains 90 
per cent of the peak value, as opposed 
to only 70 per cent for iron oxide tape 
as shown in Waveform No. 1. 



WAVEFORM NO. 3 

This sequence illustrates the result of 
increasing the system packing density 
of iron oxide tape from 800 to 1600 bpi 
using the same 500/250 head configura¬ 
tion. The height of the crowded pulse 
has been reduced to approximately 30 
per cent of the isolated pulse level. 
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WAVEFORM NO. 4 


In contrast to the iron oxide tape (wave¬ 
form No. 3), the height of the crowded 
pulse from Crolyn magnetic tape at 
1600 bpi has been reduced to only 70 
per cent — the level for iron oxide tape 
at 800 bpi (waveform No. 1). 


The Du Pont Company announced 
that it will manufacture and market 
a new, high-performance magnetic 
recording tape incorporating chromi¬ 
um dioxide as the magnetic medium. 
Chromium dioxides were developed 
as part of an extensive research pro¬ 
gram in magnetic materials and 
magnetism. Patents have been is¬ 
sued to Du Pont that cover the chro¬ 
mium dioxides, the processes by 
which they are made, and the mag¬ 
netic recording products containing 
them. 

Trademarked Crolyn, the new 
magnetic tapes have significant ad¬ 
vantages over conventional iron ox¬ 
ide tapes in computer, instrumenta¬ 
tion, and video recording applica¬ 
tions, according to Dr. Maurice L. 
Ward, magnetic tape manager of the 
Du Pont Photo Products Depart¬ 
ment. 

“Stated simply, chromium diox¬ 
ides offer two principal advantages: 
higher signal output at the same de¬ 
gree of resolution, and better resolu¬ 
tion at any given signal output level,” 
Dr. Ward said. “These advantages 
accrue from the greater magnetic 
strength of chromium dioxides and 
from precise control of particle size 
and shape.” 

Crolyn magnetic tapes have been 
tested extensively at Du Pont and in 
cooperative programs with manufac¬ 
turers of equipment in the areas of 
potential use. Results indicate that 
the new tapes will accept more in¬ 
formation per inch and will record 
and reproduce high-frequency signals 
with greater fidelity than present 
gamma iron oxide tapes. In addi¬ 
tion, reduction of tape speed for 
longer playing time or economy ap¬ 
pears possible with Crolyn magnetic 
tapes in a number of applications. 

Crolyn can be used interchange¬ 


ably with iron oxide tapes in many 
applications, but greater perform¬ 
ance benefits are usually obtained on 
recording equipment adapted for use 
with the new tapes. Du Pont reports 
that several manufacturers — par¬ 
ticularly in the computer and the 
industrial and home video areas — 
have been actively working either to 
modify existing equipment or to de¬ 
velop new' equipment to take advan¬ 
tage of the superior properties of 
Crolyn. 

According to Du Pont, the su¬ 
perior magnetic characteristics of 
chromium dioxide allow Crolyn 
magnetic tape, with half the coating 
thickness of current commercial com¬ 
puter tapes, to provide the same 
peak-to-peak signal amplitude when 
recorded on conventional computer 
transports. Such a compatible Crolyn 
magnetic tape exhibits less pulse 
crow'ding and less peak shift even at 
the currently-used information pack¬ 
ing densities of 800 bits per inch 
NRZI. As a result of the greater 
resolution capability of the new' mag¬ 
netic tape, it has been demonstrated 
to be technically-feasible to extend 
the tape packing density beyond 800 
bits per inch on existing transports. 
Crolyn magnetic tape is also said to 
offer substantial performance ad¬ 
vantages over commercial iron oxide 
computer tapes in high-density digi¬ 
tal recording systems employing 
phase encoding. 

Only limited quantities of the 
tapes are available at present, but 
Dr. Ward pointed out that the 
manufacturing facility at Newport, 
Del., has the potential capacity to 
meet marketing needs for the near 
future. For more information on the 
new tape: 

Circle No. 107 on Inquiry Card 
















No one sells 

computer bus bars 

off-the-shelf 


..but we come close. 


Having pioneered the laminar bus assembly 
concept for voltage distribution, we’ve been 
in on a good deal of the action. 

So much so that today, MEKTRON® 
Laminar Bus Assemblies by Rogers are used 
by every major computer manufacturer. 

Chances are, we have already worked with 
requirements similar to yours in voltage and 
current rating, insulation resistance, 
dissipation factor and capacitance. That 
means lead time can be substantially reduced. 
For a scrupulously engineered component — 
that’s as close to off-the-shelf as anybody 
can come. 

Call or write for Mektron data... or for 
help on designing your next bus assembly. 

We promise an appropriate and prompt 
response. 



ROGERS CORPORATION 

ROGERS, CONNECTICUT 06263 


Other Mektron products include: Hat, flexible cable, circuitry and connective hardware; molded circuits; Mektherm heater circuits. 
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SOLID-STATE LAMPS 


Semiconductor Crystal Lamps 
Offer a Visible Light Output 
of 0.8 Footlambert per Alilliamp. 


The General Electric Co. announced 
recently that it has begun production 
of tiny solid-state lamps (light-emit¬ 
ting diodes) with the ability to oper¬ 
ate indefinitely as indicator and 
action-triggering lamps in spaceships, 
aircraft, and computers. A spokes¬ 
man for the company’s Miniature 
Lamp Department said, “Laboratory 
samples of our first solid-state lamp, 
the SSL-1, have operated continu¬ 
ously for more than 10,000 hours — 
a little more than a year — and so 
far show no sign of deteriorating. 
Theoretically, they might operate at 
full brightness for years, perhaps a 
lifetime, in applications such as 
earth-orbiting weather stations.” 

Heart of the SSL-1 is a pinhead- 
size crystal “grown” at high tempera¬ 
ture in industrial ovens from pow¬ 
dered silicon carbide. Resulting crys¬ 
tals have a hardness that rivals dia¬ 
monds. When lighted at low voltage, 
they glow brightly with a whitish 
yellow light. GE engineers described 
the SSL-1 as a “high visibility” lamp 
with more useable light than any 
other solid-state lamp. Its peak light 
wavelength (about 5,900 Angstroms) 
is very close to that to which the 
human eye is most responsive. Visi¬ 
bility is also enhanced by the fact 
that the entire top surface of the 
lamp, an area one millimeter square, 
is used as the light source. The edges 
of the SSL-1 give oflf even brighter 
light, and this narrow, but more con¬ 
centrated brightness, may make them 
useful as “readout” lamps, seven- 
part lamps which can form any let¬ 
ter or number. 

The SSL-1 is. “just a beginning in 
a series of possible types of solid-state 
lamps or light-emitting diodes which 
will be offered by the General Elec¬ 


tric Company,” according to Corner 
F. Davis, Marketing Manager of the 
company’s Miniature Lamp Depart¬ 
ment. “Subsequent models will be 
built around diflferent packaging 
concepts for the crystal chips; some 
will look like subminiature lamps, 
but others will look even less like con¬ 
ventional lamps than the SSL-1. For 
use in card reader computers, for in¬ 
stance, the chip might be mounted 
vertically in order to use the edge 
light to best advantage. This would 
be true, too, of readout lamps,” the 
GE spokesman said. 

Unlike any other lamp, the crystal 
chips operate eflfectively in any envi¬ 
ronment, even when they are un¬ 
enclosed. This feature, and their 
shock and vibration resistance, make 
them ideal for aerospace applica¬ 
tions. The new GE SSL-1 lamp is 
mounted on a standard transistor 
base and capped by a “tophat” cap¬ 
sule and a lens. Individual sample 
lamps that will fit any standard 
transistor socket are available at 
$9.50, while lamps in production 
quantities will be priced at about 
$6.60. 

Each sample lamp is tested photo¬ 
metrically, and its own unique and 
slightly different electrical “person¬ 
ality” rating is given to the purchaser 
to facilitate design work of equip¬ 
ment using the lamp. Information 
includes the light output, intensity 
and color, and electrical characteris¬ 
tics. The latter are particularly im¬ 
portant, according to GE engineers, 
since most SSL-l’s will be used with 
solid-state circuits. 

Production of the lamp begins 
when silicon carbide granules are 
heated in a high temperature fur¬ 
nace. Temperatures up to 2600°G 



New solid-state lamp can operate at 
lull brightness for years, theoretically. 


HEADER 

(BASE) 


GLASS ENCAPSULATION 



BOTTOM 

CONTACT 


Semiconductor crystal lamp is mounted 
on a standard transistor header and 
capped by a tophat and lens. The 
lamp operates at from 2 to 5 volts and 
draws 50 to 75 milliamps. 


cause the granules to vaporize then 
crystalize into a form somewhat like 
rock candy. The resulting crystals 
are ground smooth on both sides and 
coated with a semiconductor layer. 
The crystals are then diced into tiny 
chips, each about the size of a pin¬ 
head. Finally, gold lead wires are at¬ 
tached top and bottom to each chip 
and a lamp is born. For more infor¬ 
mation : 

Circle No. 105 on Inquiry Card 


48 


COMPUTER design/august 1967 
























6RE6MIIDUSI 


The tighter you cram little Turbowrap’^^ wires together, the 
happier they are. Kynar and polysulfone insulation make them as 
tough in tight spots as much bigger wires. 

Think of the opportunities that Turbowrap 312 (with Kynar) and 
Turbowrap 412 (with polysulfone) open up for higher-density wiring. 

Made in sizes as small as 30 AWG, with walls as thin as .004" — 
these wires zip through automated wire-wrap operations with 
never a jam, skip, nick, short or break. And they perform 
faithfully, once in place. 

Special thin-wall extruding techniques, plus the fine electricals 
and mechanicals of the Insulation, have made it possible for 
Brand-Rex to produce small O.D. wires with excellent 
cut-through resistance. 

Looking for ways to put more wire into less space? Call on our 
tough little extroverts, Turbowrap 312 and 412. 


AMERICAN 


CORPORATION 


BRAND-REX DIVISION 

WILLIMANTIC, CONNECTICUT 06226 
PHONE 203 423-7771 
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NASA TECH BRIEF 

A SUMMARY OF A SPECIFIC TECHNICAL INNOVATION 
DERIVED FROM THE SPACE PROGRAM. ISSUED BY 
THE TECHNOLOGY UTILIZATION DIVISION OF NASA. 


Point-Source Detection System Rejects Spatially Extended Radiation Sources 


Point Target 
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FIGURE 1 


FIGURE 2 


FIGURE 3 


THE PROBLEM: 

.To devise a reliable method for discriminating a 
distant (point source) target from false (spatially 
extended) targets in the field of view of an infrared 
detection system or tracking device. Various spatial 
discrimination methods (spacial filtration, pulse- 
length discrimination, area cancellation, and ana¬ 
log space correlation) that have been used to distin¬ 
guish characteristic differences between the signals 
from a point target and those from large-area tar¬ 
gets require generally complex circuitry and are not 
entirely suitable for tracking a reentering space 
vehicle. 

THE SOLUTION: 

A system employing digital space correlation to 
suppress false target signals in a point-target track¬ 
ing device. 

HOW irS DONE: 

The search field (Figure 1), containing the point 
target to be tracked and a cloud representing an 
extended-area false target, is divided into a matrix 
of rows and columns of elemental fields of view. As 
shown in Figure 2, digital values ore assigned to 
the matrix elements. That is, the elements contain¬ 
ing no target radiation are designated by zeroes, 
and the elements in which target radiation appears 
are designated by ones. In accordance with the 
method described below, adjacent elements (such 
as those corresponding to the cloud) having targets 
are eliminated. Only the individual element corres¬ 


ponding to the point target is accepted. 

Photocells mounted in a column are moved across 
the field matrix to scan the elements sequentially. 
When target radiation of sufficient intensity (above 
a threshold value) impinges on a photocell that is 
sampling a particular matrix element, the photocell 
will emit a signal pulse. If no radiation, or only a 
very low amount of radiation impinges on the photo¬ 
cell, the cell's output will be rejected. The pulses 
are fed to an or gate and to a delay line having 
seven outputs that are also applied to the or gate 
(Figure 3). The output from the or gate is applied 
to the inhibit input of an inhibit gate, and an eighth 
signal output from the delay line is coupled to the 
signal input of the inhibit gate. When there is a sig¬ 
nal correspondence between one input to the or 
gate and the signal output from the delay line to the 
inhibit gate, no signal will pass through the inhibit 
gate. This correspondence occurs only for signals 
from photocells that sample an array of adjacent ma¬ 
trix elements intercepting an extended area target. 

NOTE: 

Inquiries concerning this system and modifications 
that will resolve certain ambiguous cases may be 
directed to: Technology Utilization Officer, Goddard 
Space Flight Center, Greenbelt, Maryland 20771. 
Reference: B66-10622 

PATENT STATUS: 

Inquiries about obtaining rights for the commercial 
use of this invention may be made to NASA, Code 
GP, Washington, D.C. 20546. END 
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•What makes cTWicra-STORo so different? 


everyone 




We just apply careful design consideration, pride in workmanship, and preoccupation with quality. 
Besides ... we don't mdkQ Airplanes and memories ... Color Televisions and memories ... Computers 
and memories ... or even Tape Recorders and memories. WE ONLY MAKE MEMORIES! 
Whether the memory of the future is core, film, or plated wire—we will still be making just Memory 
Systems. If you want a ‘‘no nonsense" technical bulletin, circle reader survey card indicated. 


STANDARD I IMEMDRIES 


2401 SOUTH BROADWAY, SANTA ANA, CALIF. 92707 
TELEPHONE (714) 540-3605 
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Fig. 1 Binary tree: (a) showing absolute values; (b) showing flip-flop weights. 


DESIGNING WITH BINARY DECISION TREES 


This article illustrates the use of the binary decision tree, 
a technique which may be more useful in some sequential design problems 
than the more common methods such as the Karnaugh map. 

MONTY WALKER 

Design Engineer, Dynamics Instrumentation Company, Monterey Park, Cal. 


A binary decision tree is a graph of 
a network of lines and nodes that 
have the characteristics that (1) 
each line is directed with respect to 
time, and (2) each node will have 
one input line and a maximum of 
two output lines. (It is possible to 
generalize further, but for the pur¬ 
poses of this article we will restrict 
our dicussion to these definitions. 
For those interested in digging 
deeper, see Ref. 1.) A symmetrical 
tree (pure binary) is the simplest to 
design. To illustrate this type of 
tree, let us suppose that an unknown 
voltage (Ex )is to be measured as in 
an A-D converter. The usual meth¬ 
od is to compare E* with a precision 
reference voltage (ERef that is di¬ 
vided down in successive time periods. 
ERef will be equal to the maximum 
allowable input. At the first time pe¬ 
riod (To), Ex is compared to /2ERef. 


If Ex is greater than /2ERef, an ac¬ 
cept pulse is generated and at the 
second time period (Ti) a compari¬ 
son is made with (J/2 4- 54) Enef = 
54ERef. If at To, Ex is less than 
/2ERef, a reject pulse is generated and 
at Ti, a comparison is made with 
(0 + y 4 )Enef = !4ERef. The same 
idea is continued for each succeeding 
time period. The geometry of the 
tree is shown in Fig. 1 (wherein an 
upward line indicates an accept and 
a downward line indicates a reject). 

To mechanize this tree, we will 
first show the flip-flop weights at 
each node, see Fig. 1(b). We observe 
that weight 4 is unconditionally set 
after time To and it is never set 
again, and may thus write: Set 
4 = To- Weight 4, if it is to be 
cleared, will be cleared after Ti and 
then only if a reject pulse is gen¬ 
erated. We may write: Clear 4 = 


Ti • Rej. In a similar manner: Set 

2 = Ti 

Clear 2 = T2 * Rej 
Set 1 = To 
Clear 1 = T3 • Rej 

Of course, the same equations can 
be obtained by using a Karnaugh 
map, but it is necessary to consider 
eight variables (i.e., Acc/Rej, To, 
Ti, T2, T3 ,4, 2, 1). To illustrate the 
full 8-variable map method, Fig. 
2 shows the derivation of Clear 2. 
Note that we have entered X (don’t 
care) in the squares that have two 
time periods occurring together, since 
these are impossible conditions. The 
Clear 2 entries together with the 
don’t care conditions (X) affects 
T2 * 2 * Rej. Since the Set 2 equation 
does not contain a T2 input we can 
simplify to: Clear 2 = T2 * Rej, 
which is identical to the visual equa- 
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Fig. 2 8-variable Karnaugh 
map derivation of Clear 2. 


tion. In most cases, it is far more 
convenient to use the visual method 
for deriving the flip-flop equations. 

Fig. 3 shows the flip-flop mecha¬ 
nization of the tree. Since To is our 
start period, we must clear flip-flops 
2 and I at the same time that flip- 
flop 4 is set. The flip-flop implemen¬ 
tation of the pure binary tree follows 
a pleasing symmetry. The general 
scheme can be extended to any num¬ 
ber of elements with each flip-flop 
having a weight equal to half the 
preceding one. Note that the accept 
pulse is not needed in this particular 
circuit. 

It should be pointed out, at this 
time, that although the binary tree 
has been developed from the stand¬ 
point of weighted elements and flip- 
flops as in an A-D converter, this is 
by no means the only interpretation 
possible. It could represent, for ex¬ 
ample, a serial encoder or a block 
translator. 

Binary Codes 

A particular set of binary digits that 
is used to represent a symbolic quan¬ 
tity is said to be a binary code. For 
example, a set can be chosen to rep- 



Fig. 3 Implementation of the binary tree. 
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resent the letters of the English 
alphabet or the positive decimal in¬ 
tegers (0-9). In the latter case, the 
code is called BCD. In many codes, 
less than the full set is actually used. 
For example with 4 bits, 16 unique 
binary numbers can be generated but 
in the case of a BCD code only 10 
will actually be used. Since most 
digital instruments (and many com¬ 
puting machines) use some form of 
BCD code (and to keep the range of 
our discussion reasonable), we will 
consider only BCD weighted codes. 
A weighted code has the characteris¬ 
tic that each decimal integer is 
formed by combining one or more 
weights. 

Although there exist 17 possible 
4-bit, positive weighted BCD codes, 
in practice, only the 8421 and 4221 
codes are used to a great extent. The 
8421 code is unique; that is, there is 
only one w^ay to obtain each decimal 
digit by combining these weights. 
The 4221 code, on the contrary, has 
32 different possible ways (sub¬ 
codes) of obtaining the digits, e.g., 
decimal 5 can be obtained by com¬ 
bining 4 and 1 or by combining 2 
and 2 and 1. When a BCD code is 
used, the tree will be asymmetrical, 
and certain complications set in. We 
may divide the design process into 
four parts: 

• Choosing the code to be used 

• Choosing the sub-code to be used 

• Designing the tree geometry 

• Implementing the final tree. 

To illustrate the design process let 
us suppose that we are to quantize an 
unknown voltage (Ex )in a decimal 
(0-9) representation, using a 5-step 
process. Let us further suppose that 
the 4221 code has been decided upon. 

We might, as a beginning, choose 
the sub-code as shown in Fig. 4(a), 
which is a self-complementing code 
sometimes used in computers. ( 2 * is 
used to differentiate one 2 from the 
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Fig. 4 Two examples 
of 4-2-2-1 BCD codes. 



Fig. 5 A stranded output. 



Fig. 6 Tree using 4-2-2-1 code. 


other.) 

In designing the tree geometry, it 
must be kept in mind that it must be 
possible to reach every output, and 
that only one path should lead to 
each output. For example, in Fig. 5, 
it will not be possible to reach out¬ 
put ( 6 ) because if 4 is rejected at Ti 
it will also be rejected at Ts and the 
output must be (2). A practical con¬ 
sideration is to keep the changes of 
each flip-flop (as far as is possible) 
to a minimum. Fig. 6 (a) shows a 
first attempt at a tree; 6 (b) shows 
the same tree with the weighted flip- 
flop values shown at the nodes. 

To obtain the Boolean equations 
for flip-flop 4, we start by circling 
the nodes where 4 changes state. The 
solid circles in Fig. 6 (b) show 4 
being set and the dotted circles show 
it being cleared. The 4 is uncondi¬ 
tionally set at time To (Set 4 = To). 
In addition, 4 is set after time To. 
We note that 4 is already set in the 
top branch but in the bottom branch 
it is in the clear condition. The 
common factor of the upper two 


branches is the accept pulse so we 
may write: Set 4 == To -h T 2 * Acc. 
The Clear 4 condition also occurs at 
two positions. The first, we can 
easily write as Clear 4 = Ti • Rej. 
The second condition requires a bit 
more thought: we note that the 
nodes at T 4 which lead to 6 and 8 
each contain 2 *, but the node lead¬ 
ing to decimal 4 does not, and may 
thus write: Clear 4 = Ti • Rej +T 4 

• 2* • Rej. A careful check of all 
nodes reveals that T 4 in T 4 • 2* • Rej 
is redundant and it may be dropped. 
By the same methods, the equations 
for flip-flops 2 *, 2 , and 1 may be 
derived: 

Set 4 = To + T 2 • Acc 

Clear 4 = T^ • Rej + "F'* Rej 

Set 2* = To + 4 • Rej 

Clear 2* = 4 • Rej + T 2 • 4 

Set 2 = Ti • Rej + T 2 * 4 

Clear 2 = T 3 • Rej 

Set 1 = T 3 

Clear 1 = T 4 • Rej 

Since time To is our start period we 

must clear flip-flops 2 and 1 at the 
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Fig. 7 Implementation of the 4-2-2-1 BCD tree. 




Fig. 8 Unbalanced tree using 4-2-2-1 code. 


same time flip-flops 4 and 2* are set. 
Fig. 7 shows the flip-flop mechaniza¬ 
tion of these equations; since we 
have used 13 two-input gates to im¬ 
plement the tree of Fig. 6, it need 
hardly be said that this is no logic 
masterpiece. 

If we examine the sub-code that 
we have chosen, it becomes apparent 
that from several criteria we could 
have done better. For example, in 
the transition between decimal 4 and 
5 we invert all binary weights. This 
is not a natural transition for binary 
numbers. Our problem seems to be 
that weight 4 is sometimes, but not 
always, formed by combining 2 and 


2. Fig. 4(b) shows a sub-code that 
removes this difficulty. By using this 
sub-code, and the tree of Fig. 6(a), 
we can reduce our circuit gate re¬ 
quirement from 13 to 7, a savings of 
almost fifty percent; however, even 
this can be improved upon. 

Our procedure to this point has 
been to choose a tree geometry that 
is possible to realize and to vary the 
sub-code to effect simplification. By 
now, varying the tree geometry but 
holding the sub-code constant, we 
can usually simplify the final realiza¬ 
tion. Figs. 8 and 9 show two alter¬ 
nate tree geometries for the code of 
Fig. 4(b), and their flip-flop imple¬ 


mentations. In Fig. 8, five gates are 
used to mechanize the tree, and in 
Fig. 9, four gates are used; the same 
number that is used in a straight 
binary tree. This is probably the 
minimum for a 4221 code. If mini¬ 
mum parts were the only criterion, 
this tree would surely be preferred; 
however, in several respects it is defi¬ 
nitely inferior. (A simple algorithm 
for designing a tree that is to be 
mechanized using minimum hardware 
is to draw the complete symmetrical 
tree then eliminate the branches that 
are unwanted. The resulting tree 
will be highly unbalanced but easy to 
mechanize.) 
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Fig. 9 Balanced tree using 4-2-2-1 code. 



Fig. 10 A 4-2-2-1 to 
8-4-2-1 code translator. 


In all of the examples used thus 
far, there have been the implicit 
assumptions that the actual mecha¬ 
nized instrument would be operating 
under ideal noise-free conditions, that 
the input signal would not change 
during the tree logic time, that all 
propagations and voltage swings 
would occur in zero time, etc. Of 
course in the real world none of 
these conditions exist and it is well to 
consider the probable performance 
of the instrument under less than 
ideal conditions. Let us suppose, for 
instance, that because of noise or 
other effects, an erroneous decision 
is made at some node. The final out¬ 
put will be erroneous, but if our tree 
is chosen properly, the maximum 
error will be minimized. 

Consider now the tree shown in 
Fig. 8; suppose an Ex with an actual 
quantization of decimal zero is erro¬ 


neously accepted at time Ti. The 
final output reading will be decimal 
4, an error of 4. If the same condi¬ 
tions were to occur in the tree shown 
in Fig. 9, the final reading would be 
decimal 8, an error of 8. Also, be¬ 
cause the reference voltage must rise 
to 8 instead of 4 at To, the maxi¬ 
mum “wait” time will be greater 
and our maximum measuring speed 
will be reduced from that possible 
with the tree of Fig. 8. For these 
and other reasons we can state that 
for system performance the Fig. 8 
tree is to be preferred over that in 
Fig. 9. 

Many times when a particular 
code or sub-code is specified for the 
output of a particular instrument, 
the designer will, as a matter of 
course, use this code internally, when 
in many cases the actual total hard¬ 
ware can be reduced and the system 
performance improved by using a 
simpler code internally and encoding 
the output. The actual encoding cir¬ 
cuitry is usually not excessive: for 
example. Fig. 10 shows the circuit to 
translate the sub-code of Fig. 4(b) to 
8421 BCD code. 

Conclusion 

There are usually many options open 
to the designer both in choosing the 
sub-code to be used and in the actual 
geometry of the decision tree. A help 
in reducing the total number of op¬ 


tions is to choose a sub-code with the 
transitions of each bit at a minimum, 
and those transitions occurring at 
the natural binary transition points. 
This tree, if speed and noise are not 
a problem, should be partially sym¬ 
metrical (a portion of the natural 
binary tree). If system performance 
is of more than passing interest then 
the tree should divide the output 
digits into equal parts as nearly as is 
possible at each node. For instance, 
in a BCD tree, the first node should 
be either 4 or 6. (If 5 is chosen the 
succeeding divisions are more diffi¬ 
cult.) 

Not all decision trees are as simple 
as the ones illustrated and, of course, 
BCD codes are by no means the only 
type of geometry the designer is apt 
to encounter. However, by keeping- 
in mind the possibility of internal 
options both in the code and the tree 
geometry (even if it means encoding 
the output), the likelihood of a sim¬ 
pler and better performing instru¬ 
ment is greatly enhanced. ■ 
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Our customers 


defined the 
“perfect” tape transport 

as one with: 

1. No mechanical adjustments 

2. Automatic tape loading 

3. Oxide contact with only the head 


...So we 
designed 
and built 
the SC-1080 


Yes, the Potter SC-1080 tape trans¬ 
port has all three features. 

1. There are no mechanical field ad¬ 
justments or settings of any kind. 

2. Tape loading is the easiest and 
fastest you’ve ever seen. All you do 
is to mount the supply reel qn the 
QUICK-LOCK^^ hub assembly and 
thread it directly to the take-up reel. 
The rest is done automatically at the 
touch of the LOAD button. Thread¬ 
ing around rollers, multiple capstans 
and guides is completely eliminated. 

3. The tape path is designed so that 


only the head touches the oxide sur¬ 
face. During rewind the head is re¬ 
tracted and nothing touches oxide. 
The SC-1080 operates up to 150 ips 
in all industry compatible formats 
including 1600 bpi, phase modulated 
recording. Rewind speed is 290 ips 
average, less than 100 seconds for a 
2400 foot reel. 

.Solid-state drive electronics with dy¬ 


namic braking and plug-in transistor¬ 
ized or integrated circuits are virtually 
maintenance-free. For all the facts, 
write, wire or phone us today. 

International Sales Offices: 

Potter Instrument Co., Ltd., 

McGraw-Hill House, Maidenhead, 

Berkshire, England • Maidenhead 20361 
Cable: PICO Maidenhead 

Facit AB, Stockholm 7, Sweden— 

Stockholm (08) 23 75 80 • Cable: FACIT 

Facit GmbH, Bonner Strasse 117, Duesseldorf, 
Germany-791101 • Telex: 858-2415 



151 Sunny side Blvd. • Plainview, N.Y. 11803 • (516) 681-3200 • TWX(510) 221-1852 . Cable: PICO 
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MAGNETIC RECORD HEADS 


^ NEW PRODUCTS 


CHART DIGITIZER 

A digitizer is a new device for re¬ 
ducing analog graphical data from 
large maps and charts to digital 
magnetic tape for computer process¬ 
ing and analysis. The Model 480 fea¬ 
tures variable interval programmed 
digitizing, a solution to the limita¬ 
tion on graphical data reduction 
speed imposed by the relatively low 
speed of available output devices. As 
the operator manually traces the 
graphical data with a stylus, the 
movements of the stylus are con¬ 
verted to digital signals for recording 
on the output (computer-compat¬ 
ible, 7-channel, 556 bpi) magnetic 
tape recorder. The system monitors 
the output recorder and outputs a 
data point as often as the recorder 
can accept and record data. Because 
data is recorded at a fixed maximum 
rate (500 characters per second, on 
the Model 480), and the tracing sty¬ 
lus is moved at varying speeds, the 
size of the intervals along the traced 
curve at which data points are re¬ 
corded varies with stylus velocity. 
Actually, the digitizing system gen¬ 
erates and processes a data point for 
every 0.005 inch of stylus movement 
along the X or Y axes. But, when 
these points are being generated too 
quickly for the output recorder to 
accept them, the points are counted 
and stored in an electronic register. 
The contents of the register are 
taken out as soon as the recorder is 
free to accept them. The sampling 
interv^al, therefore, varies (from 
0.005 to 0.075 inch) proportionately 
with stylus velocity. The speed of 
tracing varies, however, with the 
complexity of the data being digi¬ 
tized. The digitizing system allows 
an overall maximum digitizing speed 
of 937 inches per minute with a 
resolution of 0.005 inch. Galma Co., 
Santa Clara, Cal. 

Circle No. 259 on Inquiry Card 


GENERAL-PURPOSE RELAYS 

General-purpose, comb-actuated re¬ 
lays with plug-in, solder, or printed 
circuit terminals include low-level 
models with bifurcated contacts, 
and high-voltage and high-fre¬ 
quency versions. The relays were 
designed for use in transistorized 
systems where space requirements 
and operational longevity are of 
prime importance. All relays occupy 
less than one cubic inch of space. 
Other features include a life ex¬ 
pectancy of up to 100 million opera¬ 
tions, and a balanced spring-held 
armature that allows for the same 
operating data in any mounting 
position. American Zettler, Inc., 
Costa Mesa, Cal. 


Circle No. 221 on Inquiry Card 



Complete line of combination erase- 
record/play heads includes 2-track 
mono and stereo, 4-track mono and 
stereo, and 8-track stereo versions. 
Double hyperbolic face design per¬ 
mits use of heads with or without 
pressure pads. Design features in¬ 
clude sintered brass body construc¬ 
tion, ultra-thin laminations (0.0039 
inch in thickness), v^acuum-deposited 
glass gaps, and high temperature 
stability. Magnetic Heads, Inc., Min¬ 
neapolis, Minn. 

Circle No. 250 on Inquiry Card 


DECODER DRIVER 

A BCD-decimal decoder driver con¬ 
tains 21 semiconductors and a thin 
film passive network interconnected 
as a hybrid assembly in a molded 
package. The unit decodes 4-line 
data in BCD format and provides 
10 -line decimal outputs suitable for 
driving medium size incandescent 
lamps and other universal readout 
devices. Noise immunity is in excess 
of 3.5 volts. Intellux, Inc., Goleta, 
Gal. 


Circle No. 238 on Inquiry Card 


MINIATURE PUSHBUTTON SWITCH 

A new miniature 4 PDT pushbutton 
switch is said to be smaller than 
conventional, multiple-stacked push¬ 
button switches. This new switch 
features a 1-piece body construction, 
has an unusually high current rating, 
and is capable of handling multiple 
circuits simultaneously. The minia¬ 
ture switch is said to also feature 
high voltage barriers between termi¬ 
nals and contacts, low loss and high 
impact case material, and new turret 
type terminals to simplify wiring. 
Rated 6 amps at 115 vac, the unit is 
available in two 4PDT types, either 
as a momentary pushbutton or push- 
to-make and push-to-break. Alco 
Electronic Products, Lawrence, Mass. 


Circle No. 242 on Inquiry Card 
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CAPACITOR INSERTS 


New, smaller capacitor inserts for use 
in micro-miniature and integrated 
circuits can be supplied in sizes from 
0.020 in. square and up to 180 pf, to 
the specific requirements of custom- I 
ers. Available electrodes include pal- | 
ladium-gold, platinum-gold, gold, 
and silver. The diced capacitors are 
produced from thin sections of high- 
K and temperature-compensating ce- | 
ramie materials. Dielectric constants I 
range from 6 to 9000. Accuracy of i 
the control of capacitance varies ' 
with design, the company states, but 
tolerances are generally available 
from ±20 percent to GMV. Titania 
Div., American Lava Corp., Chatta¬ 
nooga, Tenn. 

Circle No. 218 on Inquiry Card 


PUNCHED TAPE READER | 

A new ruggedized “transit case” 
photo-electric punched tape reader 
uses plug-in electronic modules and 
stepping motor tape drive. Reading 
speed is 200 char/sec. There are 
no ratchets or pinch rollers. A 
flanged, deep drawn, front panel is 
used to facilitate mounting the read¬ 
er in a small transit case. The op¬ 
erating temperature range is — 40®C 
to 85°C. The unit meets MIL-E- ! 
16400 shock and vibration require- | 
ments. Dimensions are 10 " x 16" I 
X 8 / 2 "; weight is 17^2 pounds, j 
Electronic Engineering of Califor- j 
nia, Santa Ana, Cal. 

Circle No. 222 on Inquiry Card 


COMPARATOR MODULE 

Designed specifically for applications 
requiring fast response and high sen¬ 
sitivity, a new comparator module 
features a resolution-speed-product 
of 2 mv/2 usees, typical. It also of¬ 
fers fast over-load recovery guaran¬ 
teed over a full lOv input range. 
Input impedance is lOOK ohms 
minimum differential; 10 megohm 
minimum common mode. Accuracy 
is obtained by lOOdb of open-loop 
gain at dc. Package size is only 1.4 
cubic inches. Redcor Corp., Canoga 
Park, Gal. 


Nm 



AjD CONVel^TER 
Model HS-808 


Model HS-808 


HIGH-SPEED A/D CDIMVERTER 


Model HS-808 Features 

8-bit conversion . . . Random or periodic word rates to 8 MHz . . . 
Aperture less than 0.35 nanoseconds and accuracy of 0.2% ± V 2 LSB 
for a 4 MHz bandwidth signal . . . Gray or binary code output . . . 
Built-in test features . . . Command or continuous mode of operation. 


Also available in a complete line of high-speed A/D converters from 
4 bits-25 MHz word rate to 9 bits-5 MHz word rate. Write for 
complete information. 




DIVISION OF STRANDBERG ENGINEERING LABORATORIES. INC. 
1109 VAUEY park drive GREENSBORO. NORTH CAROLINA 27403 

Phoi*. (919) 292-6427 
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SAMPLES ON REQUEST--AT ONCE-NO CHARGE 


DIALCO. 


250-8745-1531-504 
(Ulus, approx, actual size) 


Foremost Manufacturer of indicator Lights 

D lAL I G H T CORPORATION 


60 STEWART AVE., BROOKLYN, N.Y. 11237 


AREA CODE 212 497-7600 


Ultra-miniature Neon or Incandescent 

Meet most space-saving, multiple readout 


Datalites offer a system of indication for computer, data 
processing and other readout applications. 

Datalites are ultra-miniature in size...can be 
mounted in 3/8" clearance hole. Lampholders can 
be spaced in any center-to-center measuring from 
1/2 "up. 

Flexibility is provided by a choice of Neon or Incan¬ 
descent light sources... with a wide range of lens 
colors and/or legend presentations available. 

Typical Datalites are shown. For the many pos¬ 
sibilities open to you and your application- 
ask for our latest 12 page Datalite catalog. 

Why not do it today! 


507-3918-1471-600 


508^538-504 Holder 
w/ 507-3836-1531-600 cartridge 


250-8738-3331-504 


Circle No. 209 on Inquiry Card 


Booths 3239-3240 at WESCON 

CIRCLE NO. 32 ON INQUIRY CARD 


59 
































NEW PRODUCTS 


BALL SENSING TAPE READER 



WHEN 
YOU CAN’T 
AFFORD 


TO FAIL, 




CUT-AWAY VIEW 


Men in space rely on Magneline 
Digital Indicators and you can too. 
Sharp black and white digits are 
positioned electromagnetically. 
The number drum rotates on a 
polished shaft in a jewel bearing. 
Coil assemblies are encapsulated 
in heat and shock resistant epoxy. 
Test units have been run through 
35 million cycles without failure 
or measurable wear. Digit sizes 
range from Vzz x lyeV' for air and 
space craft mounting to jumbo 
models for control towers, mills 
and foundries." 


WRITE FOR 
OUR TECHNICAL 
BROCHURE 


Manufactured under U.S. Patents: 
2,943.313; 3,009,140; 3,118,138; 
‘3,201,785 


PATWIN 


ELECTRONICS 

A DIVISION OF PATWIN, INC. 

VVATERBURY, CONN. 06720 
CIRCLE NO. 33 ON INQUIRY CARD 


LOGIC RELAY 

An ultra-sensitive logic relay with 
a rated life of 10 million operations 
consists of an integrated solid-state 
amplifier and a reed switch output. 
Size is only 1 %" x x 

Weight is 0.3 ounce. Standard units 
are for operation on 6, 12, or 24 
volts dc consuming less than 200 
milliwatts. They do not require 
standby current. Nominal signal 
pull-in voltage is 0.7 dc at 50 micro¬ 
amperes. Output configurations in¬ 
cludes SPST, DPST, and SPDT. 
The output is electrically isolated 
from either the power or signal 
source. Contact power ratings are 
15 watts ac or dc up to 135 volts. 
The response time is better than 1 
millisecond, making the relay partic¬ 
ularly useful as a logic relay, time 
delay relay (either slow acting or 
slow release), temperature controller, 
meter relay, etc. It may also be used 
as an ac detector from Hz to MHz 
with a suitable signal rectifier and 
bypass capacitor. Sensitak Instru¬ 
ment Corp., Manchester, N.H. 


Circle No. 265 on Inquiry Card 



NEW WIRING ANALYZER 

A new wiring system analyzer was 
developed especially for makers and 
users of electronic computers. Desig- 


A punched tape reader utilizes a 
unique “reading” method, “ball 
sensing,” and accommodates 5, 6, 7 
or 8 channel tapes (paper. Mylar 
and aluminized Mylar) at speeds up 
to 60 characters per second. The 
tape transport mechanism is positive¬ 
indexing, solenoid-actuated, and op¬ 
erates asynchronously from 12, 26, 
or 48 volt dc sources. The reader is 
available as a separate component, 
mounted on a 19" panel, or with a 
panel-mounted tape handler. Invac 
Corp., Waltham, Mass. 

Circle No. 206 on Inquiry Card 


HIGH RELIABLE CAPACITORS 

Featured in a complete line are 
sintered mica capacitors that offer 
0 .1% life stability, lower series re¬ 
sistance, and tolerances to zb/ 2 %- 
They are available in a capacitance 
range from 4 pf to 2 uf. Results of 
15 year life tests indicate no catas¬ 
trophic failures and a failure rate of 
only 0.0004% per 1000 hours (with 
a ^ 2 % capacitance change consid¬ 
ered to be a failure). Transitron 
Electronic Corp., Wakefield, Mass. 

Circle No. 234 on Inquiry Card 


nated the System 6120, the tester op¬ 
erates from a fully automatic taped 
])rogram input and printout concept 
and is capable of performing insula¬ 
tion and continuity tests at the rate 
of 2400 per minute and 2800 per 
minute, respectively. It is capable of 
verifying correct wiring in a wide 
variety of interconnect systems such 
as computer back-planes, cables, 
printed circuit assemblies, etc. The 
machine has a termination capacity 
of 50,000, expandable in increments 
of 500. The manufacturer states that 
a wide variety of optional features 
are available, including a special 
self-testing system which verifies cor¬ 
rect wiring in the testing unit itself 
prior to the performance of testing 
functions. DIT-MCO International, 
Kansas City, Mo. 


Circle No. 202 on Inquiry Card 
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MAGNETIC CORE NEEDLES 


Needle and wire assemblies from 
2.5 to 4 mil diameter were de¬ 
veloped for magnetic core memories 
with the use of a new automatic 
machine designed to carefully and 
precisely handle extra-small wires, 
exactly-aligned buttweld assemblies 
can be produced at a relatively high 
rate of speed. Tests have shown 
that the 4 and 3 mil assemblies meet 
or exceed existing industry specifi¬ 
cations. And, although unusual wire 
characteristics and a lack of specifi¬ 
cations has limited work with the 
2/2 size to prototypes only, early 
work indicates a production capa¬ 
bility nearly equal to that of the 
larger sizes. A sample package of 
twenty-five needle and wire assem¬ 
blies for testing and evaluation will 
be sent free to any qualified organi¬ 
zation upon request. E & M In¬ 
dustries, Inc. 

Circle No. 226 on Inquiry Card 


MOS FET SWITCHES 

P-channel enhancement-type MOS 
FETs are single and dual devices de¬ 
signed for analog and digital switch¬ 
ing applications. The potential prob¬ 
lem of oxide breakdown, due to 
static-charge accumulation on the 
gate, is said to be eliminated by a 
built-in Zener diode between gate 
and body. Gate protection is as¬ 
sured because the 90-volt diode 
breakdown is much lower than the 
oxide destructive voltage. Drain leak¬ 
age current is 0.2 na at room tem¬ 
perature and since it approximately 
doubles for every 10°C increase, it is 
important that the initial value be 
very low. Commutator applications 
usually have several drains tied to¬ 
gether, therefore, the combined leak¬ 
age current from each drain flows 
across the one ON device and be¬ 
comes a significant source of error. 
Drain-source ON resistance is 150 
ohms typical at a gate-source bias 
of — 20 volts. Drain-source, gate- 
source, and gate-drain breakdown j 
voltages are all 30 volts minimum. 1 
Gate threshold voltage is 6 volts 
maximum. Siliconix, Inc., Sunny¬ 
vale, Cal. 

Circle No. 211 on Inquiry Card I 



for glass and magnetostrictive 


delay lines for digital applications 


These are just a sampling of the 
performance features of LFE’s glass 
and magnetostrictive delay lines. We can 
supply you with standard delay lines or 
serial memories with the capacity, bit 
rate, mode, delay and other parameters you 
need ... or, you can specify custom delay 
lines, with or without associated electronics, 
to meet your special design requirements. 


For the complete story write for technical data. 




ELECTRONICS DIVISION 

Laboratory For Electronics, Inc. 

WALTHAM. MASSACHUSETTS 02154 
Tel: 617-894-6600 • TWX: 710-324-0681 
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What do Hewlett-Packard* I 
Kimball Systems • Auto-Trol* 
Systron-Donner • Berkeley 
Scientific Laboratories •Vidar* 
Calma«Victoreen Instrument* 
Bisset-Berman •Baird-Atomic • 
and Raytheon Computer have 

in common? 



us 


The outstanding firms listed above, and many others, 
include Kennedy incremental magnetic recorders in 
their data gathering systems because of the simplic¬ 
ity, reliability, and easy handling designed into every 
Kennedy recorder. 

See them at WESCON 67—San Francisco at Booth 
2416. 

We may have a lot in common with you. 

INCREMENTAL C0« 

Altadena, California 91001 * (213) 681-9314 • TWX 910-582-3203 

CIRCLE NO. 35 ON INQUIRY CARD 


NEW PRODUCTS 


REGULATED POWER SUPPLIES 

Three new convection-cooled, all-silicon regulated power 
supplies offer voltages up to 60 vdc and current ratings 
up to 66 amps. These are believed to be the only con¬ 
vection-cooled power supplies to offer such high cur¬ 
rent in a package only 7 inches high. The 0 to 60 vdc 
model LK 362FM. has a current rating of 0-25 amps 
at 40C, 0-24 at 50G, 0-22 at 60G, 0-19 at 71C. Current 
ratings apply over the entire voltage range. These new 
power supplies are remotely programmable over the 
voltage and current range. Adjustable, automatic elec¬ 
tronic current limiting circuits limit the output current 
to the preset value upon external overloads including 
direct short, thereby providing protection for load as 
well as for power supply. Current limiting is settable to 
105% of load. Lambda Electronics Corp., Melville, 
L. I., N. Y. 

Circle No. 249 on Inquiry Card 



SUBMINIATURE BUTTON SWITCH 


A new subminiature pushbutton switch measures 0.360" 
dia. by 0.468" long, mounts from the rear with a knurled 
nut in a 54^^ hole on mounting centers as close as 
and will fit 1/16" to 3/16" thick panels. The push¬ 
button switch is conservatively rated for one million 
cycles of operation while carrying its full rated design 
current of 100 ma at 115 vac, non-inductive load. Gold 
finished brass turret terminals are electrically-isolated 
from the switch body. Plastic pushbuttons are offered 
in seven different colors and may be hot stamped with 
one character up to 54" high. Operating and storage 
temperature range is from — 40C to -h65C at 95% 
humidity, maximum. Transistor Electronics Corp., Min¬ 
neapolis, Minn. 

Circle No. 251 on Inquiry Card 
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TIME-SERIES ANALYZER 


A new time-series analyzer provides real-time analysis 
for oceanography, biomedicine, geophysics, aerospace, 
and other scientific fields. The two-channel, all-digital 
processor provides pushbutton selection of the basic set 
of algorithms for Fourier transformation, auto and cross 
spectra, auto and cross correlation, convolution, ampli¬ 
tude and time histograms, ensemble averaging, and real 
and complex multiplication. Analog or digital data can 
be processed with results available in analog or digital 
form, and on the built-in scope display. The unit is a 
self-contained analyzer which operates as a stand-alone 
device or as a peripheral to general-purpose computer. 
Called the Time-Data 100, it is a wired-program ma¬ 
chine with unique organization resulting in high-speed 
operation which allows real-time processing for the on¬ 
line user, as well as economic processing of bulk data. 
For example, a 2000-point Fourier transformation can 
be obtained in less than 1.5 seconds. Other standard 
features include built-in A/D and D/A conversion, 
manual keyboard, and digital interfaces. Processed re¬ 
sults are displayed in rectilinear or phase-plane form, 
and are available for readout on to oscillographs, x-y 
plotters, computers, digital tape, etc. Time-Data Corp., 
Palo Alto, Cal. 
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SUBMINIATURE DELAY LINE 

Measuring only 0.46 in. wide, 1.10 in. long, and 0.2 in. 
high, a new subminiature molded delay line has a maxi¬ 
mum rise time of 10 nanoseconds, a 50 nanoseconds 
delay time, a temperature coefficient of 140PPM/C, and 
an impedance of 300 ohms. Unit’s small size and op¬ 
erating characteristics are said to make it suitable for 
applications in printed circuit boards, radar, as well 
as automation, computer, and instrumentation systems. 
Valor Electronics, Inc., Gardena, Cal. 

Circle No. 255 on Inquiry Card 


DIGITAL DRAFTING SYSTEM 

A digital drafting system operates at speeds over 700 
inches p>er minute, with an overall system accuracy of 
0.002-inches. Resolution is 0.001-inches. Large printing 
format of standard models (60" x 60") enables high 
accuracy at scale and dimension impossible for engineer¬ 
ing draftsmen to attain with mechanized system control. 
Operation of the drafting system may be on-line under 
computer control, or off-line via magnetic tape or 
punched card input. Either 7-track or 9-track mag tape 
may be used for input. Punched paper tape input, op¬ 
tionally available, is compatible with numerical control 
tape coding. Benson-Lehner Corp., Van Nuys, Cal. 

Circle No. 256 on Inquiry Card 



These X Y switching matrices offer a rapid way to pro* 
gram and switch complex circuits. Insertion of a single 
pin can perform 1, 2, or 3 pole switching. CO-ORD 
Boards feature closed entry, Be-Cu contacts which are 
dust shielded within the '‘Solid Phenolic Block” pack¬ 
age. Rugged shorting and “CO-AX” diode pins are avail¬ 
able for 2 to 6 deck matrices. For more information on 


how you can use this simple and reliable program ap¬ 
proach, contact. . . 


CO-ORD SWITCH 


A DIVISION OF LVC INDUSTRIES INC. 
102 48 43rd AVE . CORONA. N. Y. 1 1 368 • TEL; 212 899-5588 
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SOPHISTICATED COMPUTER 
PERSONNEL 

A NEW STATE OF THE ART 


We have succeeded in the development of an entirely 
new concept for the SUCCESSFUL placement of quali¬ 
fied COMPUTER DESIGN ENGINEERS, PROGRAM¬ 
MERS, SYSTEMS ANALYSTS, MANAGERS & SYSTEMS 
& PROCEDURES PERSONNEL Our service is con¬ 
sidered by industry to be one of the most advanced 
concepts in the STATE OF THE ART of professional 
and scientific recruitment. We are currently seeking 
the discriminating professional who is seriously con¬ 
cerned about his career and is contemplating a change 
of employment. If your present position is frustrating, 
lacking financial reward or if you feel that your 
CAREER IS ON DOWN TIME why not communicate 
with us at once. We now have in excess of 375 posi¬ 
tions in the $8,000 to $25,000 bracket. Some positions 
offer bonus or profit sharing. For CONFIDENTIAL con¬ 
sideration submit your resume DIRECTLY to Mr. Rich¬ 
ard L. Berry, Executive Director, indicating geographical 
preference and present salary. There is never a charge 
for our service. 

SPACETRONICS CORPORATION 
Suite 1616 
1 East Penn Square 
Philadelphia, Pa. 19107 
Code 215-LO 9-1585 
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varian data machines 


NEW PRODUCTS 



SMALL MEMORIES 



and anything in between 


Varian Data Machines makes big core memories, small core 
memories, and in-between size core memories—to match your 
system requirements. 

Big computer mainframe memories, 8K to 64K, up to 74 bits. 
Small memories for small, fast access storage, in increments of 
256 to 4,096 words of up to 24 bits. 

All of Varian Data Machines' VersaSTORE memories are de¬ 
signed with such advanced features as PNP or NPN interface 
— input range of 3v. to 24v. — continuous lamp display of data 
registers — 2 usee operation—and integrated circuits for 
maximum reliability. For an applications brochure, write to: 

varian data machines 

a varian subsidiary 

Formerly Decision Control, Inc. 

1 590 Monrovia Ave., Newport Beach, Calif. 

TEL. (714) 646-9371 TWX (910) 596-1358 

See it at the Vartan Booth at the WESCON Show 

CIRCLE NO. 37 ON INQUIRY CARD 


TIME CODE GENERATOR 

A timing system for rapid editing of TV video tapes 
and controlling the starting and stopping times of TV 
recorders records a time code on the cue track of the 
2" video tape. This time, read from the tape at any 
speed — playback or rewind — in either direction — 
is used to start and stop automatically the recorder or 
other equipment in accordance with the setting of time 
selector switches. The control panel for the system is 
mounted in the console of a video tape recorder. The 
time code generator can be used with any number of 
recorders. Precise “electronic” splicing can be done 
with the system, thereby eliminating almost all tape 
cutting. Electronic Engineering Co., of Cal., Santa 
Ana, Cal. 

Circle No. 253 on Inquiry Card 



MINIATURIZED DIGITAL PRINTER 


New digital printers give full-size printout and per¬ 
formance in a compact package measuring only 554 
in. high. The printers, which are available in column 
widths of 4 to 10 digits, print at a rate of 12 lines per 
second. One of the features of these new printers is a 
practical modular construction that permits great flex¬ 
ibility in matching the printer to the physical environ¬ 
ment. In addition to the standard 19 in. rack mounting, 
the printer mechanism and the operating electronics can 
be separated for half-rack mounting, stacking, remote 
operation, or other physical requirements. Print capa¬ 
bility includes the numerals 0 through 9, and a choice 
of any one of three sets of six symbols. The choice can 
be made in the field, at any time, by means of a simple 
mechanical adjustment. Character input is BCD 8421. 
Another feature claimed for the printers is a low- 
operating noise level. This low noise level is said to 
be achieved by a unique hammer suspension system with 
a high-resistance noise path into the frame. However, 
there are no shock mounts or other interposed noise 
absorbing devices. The sound is absorbed in the air 
surrounding the hammers. Franklin Electronics, Inc., 
Bridgeport, Pa. 

Circle No. 278 on Inquiry Card 
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DIGITAL ACQUISITION SYSTEM 

A new digital acquisition and compositing system is 
made up of four units: a PCM unit; a power supply; a 
magnetic tape recorder; a tape loop; and a digital sum¬ 
mer. The system is available in a 7- or 9-track IBM 
compatible format^ or a TIAC compatible 21-track 
format. It accommodates up-to-63 input channels of 
analog data. A complete data acquisition system, it 
quantitizes, encodes, and records analog signals and con- 
N'crts them into the required digital format. Data can 
be digitized and recorded directly onto a master tape, 
or. by using the compositor, consecutively generated 
records are stacked in ])roper time relation onto a tape 
loop. Upon completion of the compositing process, the 
composited (summed) data stored on the tape loop is 
transferred to the master tape. The system’s low power 
consumption permits it to be operated from storage 
batteries. Leach Corp., Azusa, Calif. 

Circle No. 292 on Inquiry Card 


DECODER/DRIVER MODULES 

Complete family of universal decoder/driver modules 
includes 4 line BCD to 7 line and decimal to 7 line 
decoders in both plug-in and chassis mount configura¬ 
tions. Compactness of the solid-state circuit construction 
and inherent compatibility with all available 7-segment, 
incandescent type readouts are said to make the units 
readily adaptable to meet the diverse requirements of 
a great variety of applications. With an input signal 
current as low as 1.4 milliamps, the integrated circuit 
decoder section accommodates a wide range of logic 
levels. Units are available with or without a memory 
capability. Where a memory capability is incorporated, 
the external access to the memory outputs is provided 
for the purpose of data-logging, computer input, and 
other types of information display. Discon Corp., Ft. 
Lauderdale, Fla. 

Circle No. 243 on Inquiry Card 


BUSSING STRIP 

A bussing strip is a new device for power or ground 
bussing to which terminated wires may be connected 
and disconnected without tools. Standard male contacts 
may be crimped or soldered to wires from size AWG 16 
to AWG 24. Connection to the strip is made by pushing 
the contact into place. Each contact is held by a self¬ 
locking retainer. Connections are vibration and shock 
proof and resist high pulling loads. Any connection may 
he released, without disturbing the others, with any 
small diameter probe; a pencil point is a good example. 
The strips are available in any length to connect 5 or 
more wires. All connections may be common, regard¬ 
less of the number; or, each set of five may be separate 
from the others in the same strip. B. W. Olson & Co., 
Fullerton, Cal. 

Circle No. 228 on Inquiry Card 
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varian data machines 


the perfected line of 
integrated circuit modules 



MicroVersa LOGIC 



build a register or an entire digital 
system with MicroVersa LOG 1C 


MicroVersaLOGIC, the perfected line of I. C. modules, includes 
over 40 different types —for all your needs. MicroVersaLOGIC 
is based on proven DTL circuits —operates at 5 M.C., and to 5v. 
logic levels, with excellent noise rejection. 0°C. to plus 70°C. 
operation—from a single 5v. power supply. 

Mounting hardware, card files and card drawers are all avail¬ 
able. Plan MicroVersaLOGIC into your next system —its even 
more economical now that we've reduced prices by 33%. Write 
for our new MicroVersaLOGIC brochure. 

varian data machines 

a varian subsidiary 

Formerly Decision Control, Inc. 

1590 Monrovia Ave., Newport Beach, Calif. 

TEL. (714) 646-9371 TWX (910) 596-1358 
See it at the Varian Booth at the WESCON Shou 
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NEW PRODUCTS 




I 



Cartridge Lamp 

for close proximity 
photosensor applications 



♦ Condensed Beam of Energy 

♦ Ease and Versatility of Mounting 

♦ Controlled Spot Characteristics 

♦ Axial Alignment of Spot 

♦ Ease of Replacement 


Both infrared ( 80 %) and luminous energy 
emitted is condensed by the integral lens of 
this lamp envelope and projected into a de¬ 
fined spot. This axially aligned beam of en¬ 
ergy will saturate photosensors responding 
to the near infrared spectrum. 

The long-life lamp is mounted in an easily 
installed or replaced bi-pin cartridge with 
several mounting devices available that per¬ 
mit close adjustment of the light beam. 

This is just another example of Chicago Mini¬ 
ature’s unique talent for developing lamps to 
suit a specific need. 


For complete information, 
write for Product Builetin No. 100B. 


Bjauapwi® 


4-433 Ravenswood Ave., Chicago, Illinois 60640 


HIGH-SPEED MEMORY 

New core memory system has a cycle time of 0.5 nsec. 
The system features a building block construction where 
each basic module is either 4092 words or 8192 words 
by 20 bits. Larger systems can be accommodated by 
building up the word capacity and bit length in any 
combination. The 2^/2 D core stack, sense amplifiers, 
driver circuits, and information registers are an integral 
part of the system. An associated memory control 
module includes timing circuits, address register, and 
decode logic. Monolithic integrated circuits are used 
for all logic and registers and hybrid circuits are used 
for the driver circuits and sense amplifiers. The basic 
memor\^ module and associated control module is 26%" 
high (including mounting slides) by 2054 " deep (in¬ 
cluding mating connectors) by 4^4" wide. The modules 
are front access slide mounted units. Four of these 
modules will mount in a standard 19" rack. Burroughs 
Corp., Electronic Components Div., Plainfield, N.J. 


Circle No. 280 on Inquiry Card 



DISC RECORDING HEAD 

A new magnetic recording head for flying disc data 
recording applications flies as low as 50 microinches 
above the surface of the disc. This minute clearance 
between head and disc is believed to be unprecedented 
in a standard head (flying distance varies, of course, 
with disc speed loading and track configuration). The 
very low altitude and high packing density capabilities 
of the head were achieved through a new case design 
with improved aerodynamic characteristics and com¬ 
pany’s proprietary glass-bonding technique. Reduced fly¬ 
ing distance permits higher outputs by minimizing space 
losses. Drive requirements are also correspondingly 
lower. Resolution of the new head is 1,500 flux changes 
per inch, and it is available on a standard basis in 
1 to 12 tracks. Also available are custom versions of 
this head with shorter gap lengths to provide resolution 
up to 5,000 flux changes per inch. Ferroxcube Corp., 
Saugerties, N.Y. 


Circle No. 282 on Inquiry Card 
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LOW IMPEDANCE DELAY LINE 

Said to be used in wide variety of transistorized cir¬ 
cuitry where small size and reliability are necessary 
requisites, a new ultra-miniature delay line features a 
delay time of 100 nanoseconds, a rise time of 35 nano¬ 
seconds, and an impedance of 20 ohms. Measuring an 
even inch in length, the unit is only 0.375 in. wide and 
0.25 in. high. Direct current resistance is 5 ohms, max. 
With a maximum attenuation of 10% and working 
\’oltage of 50 VDC, the delay line operates in an en¬ 
vironmental temperature range from —55 to -f 125C. 
\^alor Electronics, Inc., Gardena, Cal. 

Circle No. 232 on Inquiry Card 


CARD-EDGE RECEPTACLE 

A new card-edge receptacle features standard telephone 
equipment design and incorporates 18 wire-wrap con¬ 
tacts spaced on 0.150" centers. It accommodates a 
1/16" pc card. Made of phosphor bronze with a gold 
flash over a nickel underplate, the contacts are of the 
double-cantilever, bifurcated-nose type with —.045" 
square wire-wrap tails available in two lengths to ac¬ 
commodate different numbers of wraps. The insulator 
is molded of glass-filled diallyl phthalate per MIL-M- 
14F, type SDGF. A stainless steel clip, which fits be¬ 
tween contacts and mates with a pc card cutout, pro¬ 
vides polarization. Elco Corp., Willow Grove, Pa. 

Circle No. 284 on Inquiry Card 


BCD DATA SCANNER 

A BCD data scanner accepts up to 10 digital words, with 
up to 8 BCD characters each. It sequentially scans these 
input words and presents them, together with channel 
identification, for recording on a digital printer, paper 
tape punch, incremental magnetic tape recorder, or any 
other suitable digital recording device. The input words 
may be derived from a digital counter, digital voltmeter, 
or other data source which provides parallel BCD in¬ 
formation. The scanner consists of standard silicon solid- 
state logic modules which make extensive use of inte¬ 
grated circuits. Three standard modes of operation are 
provided: single scan; sequential scan; and random 
scan. In the single scan mode, the scanner steps once 
through the selected inputs upon receipt of a scan com¬ 
mand, and stops at the end of a cycle. In the sequential 
scan mode, the scanner interrogates the selected inputs 
in sequence, stopping at each channel until a data ready 
command is received. This process continues until the 
scanner is commanded to stop. In the random scan 
mode, the scanner continuously interrogates the selected 
inputs, in sequence, but stops only on a channel which 
presents a data ready indication. In each mode the BCD 
data is presented to the output whenever the data ready 
command is present. Ten toggle switches are provided 
on the front panel to bypass unused channels. Instru¬ 
mentation Technology Corp., Van Nuys, Cal. 


Circle No. 277 on Inquiry Card 


MSC Series 10E...the lighted 
pushbutton switch for reliable 
answers to your toughest 
control panel design problems! 

The MSC Series lOE Twist-LIte® switch unit fea¬ 
tures four-lamp operation with individual color 
control for optimum visibility at any ambient 
light level, versatile lens configurations ranging 
from full to 4-way split display, internally bussed 
circuits to reduce wiring, and a positive hard¬ 
mount without extra hardware. Add the optional 
features developed to solve critical electrical 
and environmental problems and the twist/lock 
design for safe relamping, legend or color filter 
change from the panel front . . . without tools 
. . . and you’ll see why the Series lOE has be¬ 
come the preferred switch for the finest aero¬ 
space and industrial control systems. Write and 
ask for an operating demonstration, or ... 

SEND FOR CATALOG 2000 TODAY! 




RELAMP WITHOUT TOOLS! 

Easily done without fear of 
accidental switch actuation. 



SNAP-ON 
MASTER TEST 
CONTROL 
CAPSULES 
Permits lamp 
verification 
tests without 
external 
circuitry. 


INTERNALLY BUSSED 
COMMON GROUND 
LAMP CIRCUITS 
... reduces wiring time. 


FULL TO 4-WAY SPLIT LENS 

4-Lamp projected color with 
individual lamp color control. 


25 YEARS 


OPTIONAL DRIP-PROOF SEAL 
. . . blocks passage of foreign 
matter through panel cutout. 


OPTIONAL RFI SCREEN 
. . inhibits radiated and 
conducted RFI passage through 
panel cutout. 


OPTIONAL SWITCH-GUARD 
. , . prevents accidental 
switch actuation. 


SNAP-ON 2PDT or 4PDT 
SWITCH MODULES 
Precision snap-action alternate 
or momentary modules rated to 
Samps/ 125or250VAC. 


INTEGRATED MOUNTING SLEEVE 
Produces a positive hardmount 
without brackets or hardware. 


Master 
Specialties 
s Company 

^IN INFORMATION DISPLAY AND CONTROL DEVICES 



Master Specialties Company, 1640 Monrovia, Costa Mesa, 
Calif. 92627 • Telephone (714) 642-2427 • TELEX 6-78433 

Offices in Principal Cities. 


Also available thru AVNET ELECTRONICS 


WESTBURY. LONG ISLAND. NEW YORK • (516) 333-5800 

CIRCLE NO. 40 ON INQUIRY CARD 
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NEW PRODUCTS 


PRINTED CIRCUIT CONNECTOR 

A new printed circuit card-edge 
connector features terminations de¬ 
signed for wire-wrapping. This unit 
is available with 28 dual contacts 
providing 56 wiring terminals on 
0.125" center-to-center spacing. Con¬ 
tact terminals are 0.025" square to 
permit most effective wire-wrapping 
procedure for up to three, #26 
AWG wires on each. The dual read¬ 
out, bifurcated contacts are pat¬ 
ented “Bellow-form” design provid¬ 
ing added reliability to any printed 
circuit interconnection using a 1/16" 
printed circuit board. A polarization 
key is available for insertion between 
any two adjacent contacts, when re¬ 
quired. Continental Connector Corp., 
Woodside, N.Y. 



COMPUTER INTERFACE 


A transistorized polar interface was 
specifically designed to provide iso¬ 
lated keying of a neutral or polar 
teletype writer line from a low level 


polar signal available from a com¬ 
puter or other signal-generating de¬ 
vices. The Model 538-MO/1 com¬ 
bines unique transistorized input 
circuitry with a special high-speed 
mercury wetted-contact capsule to 
provide operation which is essentially 
bounce and distortion free. Tested 
life expectancy is rated in excess of 
several billion operations. The unit 
has a keying sp)eed of 200 bits/sec 
with less than 2% distortion. It will 
operate with signals as low as 0.5 
milliamperes. An electronic bias bal¬ 
ancing control permits equalizing 
keyed output despite input signal 
variations of up to 30% from un¬ 
equal driving signals or supply volt¬ 
ages. An internal suppressor net¬ 
work permits the output contacts to 
handle safely any voltage up to 140V 
on each contact and currents up to 
140 ma. Trepac Corp. of America, 
Englewood, N.J. 

Circle No. 275 on Inquiry Card 
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& CONTROL CODES 


SHAFT ANGLE ENCODING 


SYNCHRO/RESOLVER-TO-DIGITAL CONVERTERS 


> V 
>-r' 


ALL ELECTRONIC- 
INTEGRATED CIRCUIT 


DIGITAL 

OUTPUT 


This modular equipment series provides a wide range of solid-state multi-channel synchro to digital con¬ 
verters with a binary output directly representing shaft angle • The Input multiplexer can provide for 
any number of synchro inputs with programming via binary address or discrete control. Inputs are 
sampled, held and encoded at the peak of the synchro excitation voltage • Normal encoding rates are 
up to 800 per second for 400 Hz systems. The units provide dynamic accuracy of better than ±6' of arc 
over optional temperature ranges of 0®C to 71®C or —54®C to 71 ®C. Resolution of up to 13 bits (2.63' 
of arc) is standard • Many special features such as data processors for dual speed synchros, binary to 
BCD conversion, digital to synchros conversion, linear multiplexed A/D conversion and custom computer 
interface signal eircuits are available • Airborne unit design is consistent with MIL-E-5400 Class 2. 


6 channels 
6" X 5.2" X 7.75" 
7.5 pounds 

AIRBORNE 
SERIES 
SD 1000 

GROUND 
SERIES 
SD 2000 



Designers and manufacturers of CAPCODER and CAPLEXER Capacitive Charge Transfer Devices 


TOWSQN LABORATORIES,iINC:. 

3500 N. PARKDALE AVE. •" BALTIMORE, MD. 21211 • AREA CODE 30T 367-4001 ? 
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FREQUENCY COUNTER 



Good news 

for digital head hunters 


A new frequency counter designed 
as either a rack or bench-mount test ! 
instrument for measuring frequency 
or totalizing the number of input 
cycles or events, features 1^4^^ panel 
height and plug-in transistors. Nu¬ 
merical indicator tubes provide 
bright in-line, long-life display. | 
Maximum input sensitivity is 10 mv 
rrns for frequencies from cps to 200 | 

KC, permitting direct operation 
from low level sine wave signals. 
Gate times of 0.1, 0.6, 1.0, 6.0, and I 
10 seconds are derived from a 60 
cps line frequency. Variable display 
time is from 0.2 seconds to 6 seconds 
and hold. Plug-in transistors in the | 
circuit boards are said to result in 
simplified trouble shooting and , 
maintenance. Anadex Instruments 
Inc., Van Nuys, Cal. ^ 

Circle No. 229 on Inquiry Card 


COMPUTER PERIPHERAL POWER 

A new hydraulic servo power pack¬ 
age, featuring extremely low noise 
level and elimination of external 
leakage, was designed for use with 
computers in office environments. | 
The unit is used to power discs, i 
drums, actuated read-write heads i 
and removable media systems in en¬ 
vironments where standard units i 
would produce annoying noise and | 
where oil leaks would be unsightly 
and hazardous to personnel. Noise 
has been minimized through design 
of components to eliminate pulsa¬ 
tions, special LSC tuning techniques, 
and reduction of velocities. Suspen¬ 
sion of the moving elements from 
the main frame with vibration 
isolators prevents mechanical vibra¬ 
tion from being transmitted. Al¬ 
though the unit is virtually leak- 
proof, any seeping oil runs back into , 
the reservoir to eliminate the possi- | 
bility of leakage onto the floor. The 
hydraulic servo package comes as an i 
integral, completely self-contained | 
unit. To insure single responsibility | 
for the complete hydraulic system, 
the manufacturer provides a line of 
low friction, high-speed electro- 
hydraulic actuators to position read- 
write heads on moveable-head disc 
systems. Lawrence Systems Corp., 
Willow Grove, Pa. 

Circle No. 267 on Inquiry Card 


If you have a genuine desire to get a 
head—the kind that won’t shrink from 
the most demanding digital task—then 
we respectfully suggest that you head 
for CEC. 

And for these heady reasons: 

Only CEC digital heads are designed to 
upgrade all present computer systems. 
CEC’s years of leadership in producing 
digital heads for IBM compatible 
transports, airborne transports and 
incremental transports have provided 
the technological experience necessary 
to supply a complete line of digital 
heads at packing densities of 1600 BPI 
with no degradation in output. Further¬ 
more, advanced manufacturing tech¬ 
niques and tight quality control assure 
that critical parameters such as self¬ 
erasure, crosstalk and skew far surpass 
the most demanding specifications. 
Only CEC digital heads are guaranteed 
to 2500 hours, including 9-channel 
types. Result: replacement costs have 


been dramatically reduced, and digital 
recorders can stay “on line” for far 
longer periods without time-consuming 
repairs or cleaning. 

Only CEC has the advantage of Bell & 
HowelVs advanced Research Center, 
which has assisted in the selection of 
superior materials that provide out¬ 
standing magnetic properties and an 
extremely low wear rate. 

Is it any wonder that success has gone 
to our heads? 

For all the facts about this advanced, 
complete line of digital magnetic heads, 
call your nearest CEC Field Office. Or 
write Consolidated Electrodynamics, 
Pasadena, California 91109. A sub¬ 
sidiary of Bell & Howell. Bulletin Kit 
319-X3. 



DATATAPE PRODUCTS 


fll BeLLeiHOIUELL 
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GRAPHIC DATA PROCESSOR 



CIRCLE NO. 43 ON INQUIRY CARD 


NEW PRODUCTS 


DATA DISTRIBUTORS 

New data distributors are complete 
half-duplex serial/parallel convert¬ 
ers with integral control circuits to 
connect digital processing devices to 
serial communications subsets and 
teleprinters. In the transmit mode, 
one model accepts parallel data from 
the user in 5, 7 or 8 bit characters. 
Five level units output serial baudot 
code with 1 start and l/a stop bits. 
Seven and 8 level units output serial 
characters with 7 level having 1 stop 
and 1 start bit, while 8 level ASC 
format has 1 start and 2 stop bits. 
The serial output is in polar form in 
compliance with RS232B. In the 
receive mode, units accept incoming 
serial data at RS232B levels in 5 
level baudot, 7 level start-stop or 8 
level ASC. Deserialized output is 
presented in parallel with control 
signals and parity check. An auto¬ 
matic impulse noise discriminator 
rejects line pulses less than data 
bit in width. Parity check is pro¬ 
vided as well as control circuits spe¬ 
cifically designed to flag and load 
from processor I/O buffers. Western 
Telematic, El Monte, Cal. 

Circle No. 223 on Inquiry Card 


A new graphic data processor is said 
to be capable of digitizing oscillo¬ 
graphs, slides, and arbitrary graphic 
forms; mathematically scaling and 
operating on digitized curves; and 
displaying or recording the resulting 
fonns on an associated CRT or X-Y 
plotter. Basic software, or program¬ 
ming, to operate upon the curves or 
functions that have been entered 
into the processor, is an integral part 
of the system. The digital graphic 
input component of the new system 
consists of a 10" x 10" writing sur¬ 
face which is based on the Rand 
Tablet, and a pen-like stylus for se¬ 
lecting a point on the two-dimen¬ 
sional electronic surface. Before the 
curve is “loaded” into the processor, 
the program leads the operator- 
through a calibration procedure when 
minimum and maximum graphic lo¬ 
cations are designated and their val¬ 
ues typed in. The relative position 
of the curv'e on the writing surface 
is held by the processor, pennitting 
all subsequent curve data to be “de¬ 
skewed” before processing. Once 
stored, a second curve may be loaded 
in the same manner or from the 
typewriter keyboard or punched pa¬ 
per tape reader. The system can then 
perfonn analyses involving both 
curves, such as calibration correc¬ 
tions. Bolt, Beranek and Newman, 
Inc., Data Equipment Div., Santa 
Ana, Cal. 

Circle No. 266 on Inquiry Card 



1C OPERATIONAL AMPLIFIER 


A new integrated circuit operational 
amplifier is said to offer extremely 
low current offset, and current offset 


drift vs. temperature. Offset voltage 
is adjustable to zero with external 
potentiometer, ±10 V common 
mode voltage, 15 na differential in¬ 
put offset current, 175 pa/°C (max.) 
differential input offset current drift, 
10 uv/°G (max.) input offset volt¬ 
age drift. Other significant param¬ 
eters are 5 mv (max.) input offset 
voltage, 50 na (max.) input biasing 
current, 2 ma (min.) output current 
drive, and 35,000 (typ.) open loop 
voltage gain. The circuit is packaged 
in JEDEC TO-101, and operates 
over a temperature range of — 55°C 
to -f-125°G. Union Carbide Elec¬ 
tronics, Mt. View, Cal. 
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BCD ENCODER 


New brush-type encoder provides a 
1000 count cyclic BCD output for a 
single turn input. Higher count 
nuilti-turn input units are also avail¬ 
able, all having an accuracy of zbl 
bit. The encoder is provided with a 
size 30 servo mounting arrangement 
and is designed to meet the environ¬ 
mental requirements of MIL-E-5272 
with an operating temperature range 
of —55° to ±125C. The wiper 
circuits are rated for 100 ma. resis¬ 
tive loads with 28 vdc operating 
voltage. The contact resistance is 
less than one ohm per circuit. Col- 
lectron Gorp., New York, N.Y. 

Circle No. 201 on Inquiry Card 


PATTERN RECOGNITION 

Pattern-recognition system, called 
Socrates, was designed to meet the 
varied and diversified requirements 
of many research facilities and com¬ 
puter service centers. Its capability 
to separate, identify, classify, analyze, 
reject or select at a high rate of 
speed after a simple learning process 
permits the researcher to save con¬ 
siderable time in experimental pro¬ 
grams that involve distinguishing 
among patterns that can be pre¬ 
sented in graphic form. Depending 
upon the complexity of the problem, 
Socrates can be programmed to have 
between 2 and 504 classes or sub¬ 
classes. For the uncomplicated train¬ 
ing process, samples of the desired 
information are presented to the 
system in graphic form. The system 
is then placed in the “recognize” 
mode. New patterns can be sub¬ 
mitted as “unknowns,” and Socrates 
will identify the class or grouping to 
which the new pattern belongs, indi¬ 
cating the “level of confidence” of 
the class assignment. Normal opera¬ 
tions are stored internally and se¬ 
lected by control-panel switches. The 
learning and recognition program 
can be applied to any pattern- 
separation problem reducible to 
35mm transparency form. In addi¬ 
tion, patterns generated or processed 
on a general-purpose computer can 
be directly introduced to Socrates, 
allowing experimentation with com¬ 
plex reference-function operations. 
Scope Inc., Reston, Va. 

Circle No. 225 on Inquiry Card 



Introduces at WESCON 



fjAi 

1-100 Digital Logic.. 


the module that's smaller 
than a calling card 


MilRac 

Memory System. 

the only fully-qualified 
military core memory system 
that can be maintained 




LP-300 Light Pen. 

the solid state Light Pen 
that shatters the delay barrier 


SEE THEM AT WESCON 

Booth 2006 


INFORMATION CONTROL CORPORATION 

1320 East Franklin Avenue. El Segundo, California 90245 (213) 322-6930 

CIRCLE NO. 44 ON INQUIRY CARD 

71 

























This is the heart 
of the Guriey 


iilliodei 8602 
Photoeiectric 
Incrementai 
Encoder 

It’s an optically-flat glass disc carry¬ 
ing up to 1024 alternately clear and 
opaque sectors. 

Only an instrument-maker can 

make discs this small so accurately. 

Two other Gurley incremental en¬ 
coder models are also available for 
fast delivery, with pulse patterns 
ranging from 1 to 5000 per input 
revolution. 

Optional: Bi-directional and Index 
Pulse to match your requirements. 

Write today for data sheets 8602, 
8605, 860a 


W.&L.E.GURLEY 

537 Fulton Street, Troy; N.Y. 12180 
Telephone: (518) 272-6300 
TWXr 518 241-6099 

fnstrument-makers since 1845 
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NEW PRODUCTS 


TAPE READER 

Photoelectric tape reader reads trans¬ 
lucent and opaque tapes at speeds 
up to 150 lines per second. The tape 
is transported through the reader on 
a unique sprocket drive which allows 
reading of 5, 6, 7, or 8 level tape 
without adjustment of the reader. 
Tapes with leading sprocket holes 
may also be read without reader ad¬ 
justment. The tape drive allows 
starting and stopping of the tape for 
several thousand passes through the 
reader with no discernible tape 
wear. There are no wearing parts on 
the reader so no routine maintenance 
is required. Tape is read in a pro¬ 
tected area free from external light 
and dirt. A single lamp with a rated 
life of over ten years delivers essen¬ 
tially constant light over the entire 
sensing array. Phototransistors, used 
as the sensing elements, produce 
large signal-to-noise ratio and elimi¬ 
nate drift problems. This allows re¬ 
mote operation of the reader from its 
logic without fear of spurious sig¬ 
nals. Decitek, Inc., Worcester, Mass. 

Circle No. 272 on Inquiry Card 


OPTO-ELECTRONIC RELAYS 

In a new line of opto-electronic 
switching devices, input and output 
circuits are isolated electrically by 
means of lamp-to-photocell light- 
beam coupling. Insulation resistance 
is in the order of 10^ ohms with 
smooth turn-on and turn-off. Input 
and output voltages may be ac or dc. 
Voltage gain is high, with signals as 
low as 6 volts capable of controlling 
output circuits rated to 250 volts. 
Functions include isolation interface 
switching, logic switching (AND/ 
OR gate, inverter, and latch cir¬ 
cuits), audio switching, multiplexing, 
data sampling, feedback gain con¬ 
trol, and noiseless potentiometer. De¬ 
signed for high-density printed-cir¬ 
cuit packaging, the devices occupy 
only a quarter cubic inch and weigh 
a quarter ounce. An aperture at 
either end showing light or no-light 
permits visual checking of on-off 
states. Input signals of 6, 12, 24, 
or 150 volts ac or dc cause resistance 
to change, typically from an off level 
of 10 megohms to an on resistance 
of less than 500 ohms, a switching 
ratio of 10® achieved smoothly 
without transient effects or bounce. 
Output cells are suitable for switch¬ 
ing from millivolts to 250 volts dc or 
peak ac, and single-cell power dis¬ 
sipation is as high as 500 milliwatts. 
Sigma Instru, Inc., Braintree, Mass. 

Circle No. 204 on Inquiry Card 


PLUG-IN MEMORY PLANES 

A new core memory storage plane is 
said to feature both low-cost and 
substantial saving of assembly time. 
Called “Platrices,” they are expected 
to find wide application in memory 
systems for desk-top business ma¬ 
chines, digital instrumentation and 
many types of control equipment. 
A stack of Platrices is mounted on 
a printed circuit board as simply as 
a transistor or other component. 
Connection pins at the bottom of 
the stack are pushed through the 
board and these leads are then sol¬ 
dered in the usual manner. Low 
cost of the Platrix itself, according 
to the manufacturer, is achieved by 
special construction utilizing frames 
of conventional planes. For high re¬ 


sistance to shock and vibration, the 
cores are fixed to a base plate of the 
same material by a special lacquer. 
Frames and protection plates of pa¬ 
per base laminate can be supplied if 
desired. Stacks of up to four Platrices 
can be furnished with series con¬ 
nected drive lines terminated in the 
plug-in connections at the bottom 
of the stack. Low drive currents 
(190 ma) allow use of simple drive 
and selection circuits. The planes 
are wired in 4-wire coincident cur¬ 
rent scheme. Units are available in 
8 standard configurations with bit 
capacities from 256 to 1,024. Non¬ 
standard sizes can be supplied on 
special order. Ferroxcube Gorp., 
Saugerties, N.Y. 
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SAMPLING OSCILLOSCOPE 


A 7 gigahertz sampling oscilloscope 
consists of a main frame, verticle 
plug-in, and horizontal plug-ins. 
Specifications on the dual trace unit 
include the 7Ghz bandwidth; 7Ghz 
trigger bandwidth; less than 20 pico¬ 
seconds trigger jitter; risetime of less 
than 50 picoseconds; and less than 
lOmv of noise, peak-to-peak. Opera¬ 
tional features of the scope include 
a beam finder; easily accessible op¬ 
erator controls; no external sampling 
head requirements; and completely 
solid state with the exception of the 
CRT. E-H Research Laboratories, 
Oakland, Cal. 


Circle No. 216 on Inquiry Card 


TIME-SHARING ENCODERS 

A new shaft encoder was designed 
for multi-point digital display. With 
a single set of electronics, called the 
display module, many shaft encoders 
are used to transmit digital data se¬ 
quentially. Considerable cost savings 
result since only one display module 
need be used in a complete system. 
Each encoder is constructed so that 
there is no interaction from the 
other parallel-connected encoders. 
The new encoder also features a di¬ 
rect-decimal code, rather than con¬ 
ventional computer codes, so that 
its output can directly energize dis¬ 
play and data-logging devices with¬ 
out alTecting performance. Theta 
Instrument Corp., Fairfield, N.J. 


Circle No. 208 on Inquiry Card 

INTERFACE MODULES 

Two dry reed relay interface mod¬ 
ules — in 6, 12, 24, and 48 vdc — 
are used for two-voltage systems, cir¬ 
cuit isolation, power amplification. 
Inversion, or mainframe to software 
connections. The modules are built 
on standard 1/16 inch glass epoxy 
printed circuit boards with 2 ounce 
copper circuits. The boards have 
a life expectancy of 20x10^ under 
full load and 500x10^ under light 
load. Module 900-1000 consists of 
10 normally-open, single pole, single¬ 
throw relays. Module 900-1001 con¬ 
tains 10 single pole, double-throw 
Form C relays. Wabash Magnetics, 
Inc., Wabash, Ind. 

Circle No. 262 on Inquiry Card 



Worth remembering. 

Only Lockheed delivers 
a memory system in 26 days. In your hands in less 

than a month, that’s the Lockheed CE-100. It’s also fast—one 
microsecond. OThe CE-100 handles 4, 8 and 16K words; up 
to 36 bits. Flexible in storage capacity, it is readily adaptable 
to most applications. 0 Highly reliable, the CE-100 features 
integrated circuitry and silicon semicon¬ 
ductors throughout — built to worst-case 
■ Also worth remembering: the 
w. Starting from $6,000. 
CE-100 memory system. 
Don’t forget it. 0 For more 
information, write: Lockheed 
Electronics Company, 
6201«E. Ra^olph Street, 
An/s^^alif. 90022. 

) 722-6810. 
.OCKHEED 
ECTRONICS 
COMWVNY 

Division of Lockheed 
AIrcroff Corporation 
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Write todays 
Kcmciiibcr 
Tomorrow! 


_ ONE HUNDRED TO 

ONE MILLION BIAX® ELEMENTS 
SHIPPED IN 24 HOURS 

Price reductions of up to 50 per cent and 24- 
hour delivery are encouraging memory systems 
V designers to take a fresh look at BIAX's true 

non-destructive, high speed readout for low- 
cost commercial and industrial applications, as 
well as aerospace and military jobs. 

The super-fast delivery applies to both MicroBIAX elements and 
standard BIAX elements (just a little bit larger). Minimum order is 
for 100 elements, but up to one million can be shipped as quickly. 
Of course, prices go down as quantity goes up. Write or call today 
for quotation and specifications. Raytheon Computer, 2700 South 
Fairview Street, Santa Ana, Calif. 92704. Phone: (714) 546-7160. 


RAYTHEON 
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Stepping Motors 



LITERATURE 


Printed Circuit Manual 

techniques for the design/produc¬ 
tion of ])rinted circuits and assem¬ 
blies are detailed in a 16-page tech¬ 
nical booklet. It covers such critical 
design/production considerations as: 
various manufacturing methods, with 
advantages and/or disadvantages of 
each; how to select electroplates to 
enhance electrical or mechanical 
properties; hints for specifying di¬ 
electric base materials best suited for 
intended applications; eyelet versus 
plated-through holes in two-sided 
circuit patterns; and a discussion of 
general design, production, and func¬ 
tional parameters of multi-layer cir¬ 
cuit boards. Extensive charts illus¬ 
trate such data as current carrying 
capacities of given circuit pattern 
thicknesses, performance characteris¬ 
tics of base materials, an easy-to- 
read table giving applications and 
properties of plated coatings, cut¬ 
away renderings of various multi¬ 
layer termination alternatives, etc. 
Industrial Circuits Co., Fairfield, N.J. 

Circle No. 317 on Inquiry Card 


Real-Time System Computer 

A 12-page brochure describes a 
general-purpose 24-bit parallel bina¬ 
ry computer, the SEL 840A. The 
IC computer’s basic configuration 
includes 4K memory, hardware in¬ 
dex registers, hardware multiply 
and divide, and a Teletype input/ 
output typewriter with paper tape 
reader and punch. Internal memory 
full cycle time is 1.75 microseconds. 
An optional extended arithmetic 
unit performs hardware, single and 
double precision, fixed point, and 
floating point arithmetic. Typical 
applications to date include rolling 
mill process control, aircraft brake 
and wheel testing, space vehicle vi¬ 
bration testing and jet aircraft simu¬ 
lation. Systems Engineering Labs, 
Ft. Lauderdale, Fla. 

Circle No. 324 on Inquiry Card 


Germanium Transistors 

A comprehensive germanium transis¬ 
tor application guide lists over 130 
transistor types. The guide keys in¬ 
dividual transistor types to product 
family, performance range, and spe¬ 
cific circuit application. General In¬ 
strument Corp., Hicksville, N.Y. 

Circle No. 307 on Inquiry Card 

Data Communications 

Detailed descriptions, specifications, 
and applications of a new series of 
data communications equipment are 
provided in a new 16-page bro¬ 
chure. Both character-oriented and 
message-oriented modular units are 
described. The character-oriented 
units are for applications requiring 
a large number of low-speed lines 
(up to 150 words per minute) or 
applications requiring character-by- 
character processing. The message- 
oriented units control high-speed 
message transmission without pro¬ 
grammed inspections of each char¬ 
acter. Scientific Data Systems, Santa 
Monica, Cal. 

Circle No. 318 on Inquiry Card 


Test Instruments 

A new 16-page condensed catalog 
describing a complete test instru¬ 
ment line is sectionalized for con¬ 
venience into four major categories: 
Semiconductor test systems, digital 
voltmeters, oscilloscopes, and com¬ 
ponents. The first section includes 
test equipment for transistors, inte¬ 
grated circuits, printed circuit 
boards, welded modules, and com¬ 
plex arrays. The oscilloscope section 
describes a full line of high and low 
frequency, and special-purpose oscil¬ 
loscopes as well as transistor curve 
tracers, oscilloscope cameras, and ac¬ 
cessories. The component section in¬ 
cludes differential and operational 
amplifiers. Fairchild Instrumenta¬ 
tion, Mt. View, Cal. 

Circle No. 314 on Inquiry Card 


Latest data on a patented “Cyclo- 
nome” stepping motor, which direct¬ 
ly converts digital pulse inputs to 
analog shaft output motion, is avail¬ 
able in a new 12-page booklet. This 
line of electro-magnetic instrument 
stepping motors has been expanded 
to include 8 uni-directional models 
and four bidirectional models. All 
offer 20-steps-per-revolution opera¬ 
tions, in precise 18-degree incre¬ 
ments, at speeds to 450 steps a sec¬ 
ond, and at torques ranging to 350 
gram-centimeters. Only successive dc 
pulses of alternating polarity, as pro¬ 
vided by simple oscillators, flip-flops 
relay circuits, commutators, or man¬ 
ual switches, are required to actuate 
the motor. Such pulses, applied to 
the motor coil, shift the direction of 
the powerful magnetic force field 
generated by the motor’s two per¬ 
manent magnets. Location of these 
magnets in the stator — not in the 
rotor, as in other stepping devices — 
frees the motor from inertia-induced 
limitations and assures true high¬ 
speed motion. Sigma Instruments, 
Braintree, Mass. 

Circle No. 305 on Inquiry Card 


Electronic Counters 

A six-page catalog contains complete 
specifications and prices for solid- 
state counters, including counter¬ 
timers, bi-directional counters, vari¬ 
able time base counters, and preset 
counters. Over thirty standard and 
special application counters are de¬ 
scribed. Anadex Instruments Inc., 
Van Nuys, Gal. 

Circle No. 311 on Inquiry Card 


Cordwood Modules 

Brochure describes company capa¬ 
bilities for the development and 
fabrication of high-density electronic 
cordwood modules and components. 
The publication includes a descrip¬ 
tion and photographs of company’s 
facilities for production and photo¬ 
graphs of components the company 
is manufacturing for the lunar mod¬ 
ule. Anna Division, American Bosch 
Arms, Garden City, N.Y. 

Circle No. 328 on Inquiry Card 
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Automated Measurement System 


An automated digital measurement 
system is capable of more than 100 
dynamic tests per second. The sys¬ 
tem consists of an analog display 
unit, a digital measuring unit, and 
special sampling units. System 
measuring Instruments and periph¬ 
eral equipment are programmed 
digitally utilizing a rotating-disc 
memory, programming control cir¬ 
cuitry, and serial-to-parallel regis¬ 
ters. Programming can be accom¬ 
plished easily on or off line. Self¬ 
calibration can be programmed into 
the system, providing 1% accuracy. 
Devices under test are fed through 
a test station and categorized by a 
new automatic handler and sorter. 
Booklet describes the system. Tek¬ 
tronix, Inc., Beaverton, Oregon. 

Circle No. 331 on Inquiry Card 

Electronic Hardware 

A new 36-page catalog of electronic 
hardware covers electronic terminals 
in the following categories: single, 
double, and triple turret; tubular; 
split and milled; proto-board; pin- 
type; threaded and printed circuit. 
It also includes standard and minia¬ 
ture terminal boards, handles, panel 
and chassis hardware. It lists appli¬ 
cable mil specs for the hardware and 
the types of finishes available. Also 
included are cross reference sheets 
showing that the company stocks the 
equivalent standard terminal of ma¬ 
jor U.S. manufacturers of those ter¬ 
minals specified by MIL-T-55155 
and also terminals to NASA specs. 
Concord Electronics Corp., New 
York, N.Y. 

Circle No. 303 on Inquiry Card 

Woven Plated Wire Memory 

The latest in woven plated-wire 
memories is described in a data 
sheet. The high-capacity memories 
are available in both complete mem¬ 
ory planes and multi-plane stacks. 
Access sjDeeds are less than 100 nano¬ 
seconds. Special features and meth¬ 
ods of packaging are described and 
a typical stack schematic as well as 
read and write waveforms are pro¬ 
vided. General Precision, Librascope 
Group, Glendale, Cal. 

Circle No. 309 on Inquiry Card 


Power Supplies 

A 14-page catalog lists more than 
62,000 different power supplies. Both 
single and dual plug-in power sup¬ 
plies are listed. Nominal output volt¬ 
ages range from 1 to 900 volts with 
output currents to 3.0 amps. Applica¬ 
tions include operational amplifiers, 
logic circuits, test equipment, IC’s, 
and lamp and relay circuits. A con- 
tinuoiisly-variable 1 to 30 volt labo¬ 
ratory power supply is also described. 
Acopian Corp., Easton, Pa. 


Circle No. 302 on Inquiry Card 


Power Supply Selection 

Vest-pocket guide was devised to 
help the engineer easily and quickly 
specify and select power supplies 
from company’s line of 125 models. 
Prepared in flow chart fonn, this 
guide presents four basic parameters 
of power supply operation, making it 
possible for the engineer to narrow 
down his choices on the basis of out¬ 
put regulation, voltage output, pro¬ 
gramming speed, and power output. 
Other characteristics that enter into 
selection, such as constant voltage, 
constant current, physical configura¬ 
tion, range, etc., are also taken into 
consideration and can be accepted or 
rejected as the reader scans the guide. 
Hewlett-Packard/Harrison Div., 
Berkeley Heights, N.J. 

Circle No. 301 on Inquiry Card 


Pushbutton Switches 

Catalog sheet presents complete data 
on momentary action switches for 
mounting in clearance hole on 
19/32" centers. Designed to meet 
the application needs of the compu¬ 
ter, data processing, and automation 
industries, this switch series is avail¬ 
able illuminated or non-illuminated. 
Illuminated push-button switches ac¬ 
commodate permanently mounted 
r-2 neon lamp with or without the 
required current-limiting resistor. 
T"he catalog sheet contains drawings 
and catalog number charts to fa¬ 
cilitate selection of the required 
pushbutton switch. Dialight Corp., 
Brooklyn, N.Y. 


Circle No. 312 on Inquiry Card 


Keyboard 

Communications 

Buffer 



The DDI Model 608E-1000 Series Keyboard 
Communications Buffer is a series of com¬ 
plete buffer memories designed for eco¬ 
nomical storage of low frequency signals. 
Accordingly, it is ideal for buffering key¬ 
boards or typewriters, or teletype or tele¬ 
phone data transmission. 

Features 


Input Bit Rate: 

to 2kHZ asynchronous 
to 4MHz synchronous 

Input Format: 

accepts bit serial or 
bit parallel inputs 

Storage Capacity: 

to 128 k bits 

Power: 

from standard DC volt¬ 
ages or 115 V AC, 
50/60 cycle 

Mounting: 

to standard 19"" relay 
rack 

Operating 

Temperature: 

from 15°C to 55°C or 
0°C to 70°C available 

Modular: 

construction permits 
easy expansion of stor¬ 
age capacity 

Solid State 
Electronics: 

maximum utilization of 
integrated circuitry 


Electrical, mechanical, and environmental 
specifications can be adjusted to accom¬ 
modate customer requirements. MIL-Spec 
versions are available. Applications in¬ 
clude tape to tape buffers, computer I/O 
buffers, keyboard buffers, teletype buffers, 
dataphone buffers, and data acquisition 
buffers. 


Digital Devices Inc. ofTers a com¬ 
plete line of delay lines, associated 
electronics and related systems and sub¬ 
systems. Write, wire or phone for the 
name of your nearest DDI represen¬ 
tative and let him show you how you 
can store more information with great¬ 
er reliability and at less cost. 


MTAL _ 

EVICES INC. 

200 AAichael Dr., Syossel, L.I., N.Y., 11791 
Phone: (516) 921-2400. TWX: (510) 221-2187 
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W . ' 


maintenance 



World’s Fastest 
Low-Cost 
Digital Printer 


Apply several drops of oil to the 
drive-motor shaft-ends each year (or 
every fifty-million lines). Brush out j 
any accumulated dust or lint. Clean 
the air filter periodically. 

That’s the extent of maintenance 
for a Franklin Model 1000 ... the 
only digital printer that offers a 
printing rate of 40 lines per second 
(or less) at low, low, OEM prices. 
REQUEST BULLETIN 2301 

F'|R|A|lSr|lg|l-.|l|^ 

eleotronioa, ino. 

East Fourth St. • Bridgeport, Pa. 19405 j 

A Division of the Anelex Corporation 
CIRCLE NO. 49 ON INQUIRY CARD 


LITERATURE 


Circuit Card Files 

A 4-page brochure provides a com¬ 
plete description — including assem¬ 
bly instructions — of a firm’s new 
precision circuit card and connector 
mounting file kits. Among the high¬ 
lights of the brochure are illustra¬ 
tions and tables demonstrating the 
kits’ high degree of flexibility in pro¬ 
viding secure, rigid mounting for al¬ 
most any size circuit card, as well as 
for connectors of virtually any type 
and size. Included, also, is a series 
of illustrations depicting the step-by- 
step assembly of the kits, as well as 
full ordering information based on 
card and connector size. The file kits 
feature precision-molded nylon card 
guides and connector mounting feet 
to provide automatic connector/card 
alignment. Units are capable of 
housing up to 27 circuit cards per 
file, in card sizes from 6-to-8" in 
length and from 0.75" to 6.25" in 
width. Scanbe Manufacturing Corp., 
Monterey Park, Cal. 

Circle No. 320 on Inquiry Card 


Time-Code Generator 

An airborne time-code generator 
with modified I RIG B code and de¬ 
signed to meet Mil E-5400 for shock 
and vibration requirements is de¬ 
scribed in a data sheet. The unit 
provides serial dc level shift time-of- 
day code (hours, minutes, and sec¬ 
onds) in modified IRIG B 20 bit, 
100 pps form as well as a 20 bit 10 
pps slow code. Pulse rate outputs of 
10 pps, 5 pps, 4 pps, and 1 pp2s are 
provided as solid state switch clos¬ 
ures. Two parallel time code outputs 
are also available. One is in BCD 
form to operate an aircraft instru¬ 
ment size display and the other is in 
decimal form for use by a Nixie 
display show ing time in hours, min¬ 
utes, seconds, 1/10 seconds, and 
1/100 of seconds. Electronic Engi¬ 
neering of Cal., Santa Ana, Cal. 

Circle No. 325 on Inquiry Card 


Wire Harness Accessories 

A 12-page brochure describes a 
complete line of wire/cable har¬ 
nessing, wire/cable marking, and 
wire/cable accessory products. In¬ 
cluded are three different types of 
harnesses, adjustable P-clips, three 
different types of markers and 
grommet strip. Each is fully de¬ 
scribed and illustrated with dimen¬ 
sional drawings and tables provid¬ 
ing complete physical properties, 
chemical properties, applications, 
ordering data and applicable speci¬ 
fications. The differences and ap¬ 
plication advantages of each of the 
different products are explained. 
Components Equipment Div., Elec- 
trovert, Inc., AAt. Vernon, N. Y. 

Circle No. 319 on Inquiry Card 


Subminiature Lamps 

Specifications and ordering informa¬ 
tion on a series of subminiature indi¬ 
cator lites, either neon or incandes¬ 
cent, are contained in a 2-page bul¬ 
letin. The series was developed to 
meet the demand for high density 
indicator display on small console 
panels. The light is contained in a 
body only 0.360" diameter by 0.250" 
long, and mounts in a one-quarter 
inch hole on center as close as 
Lenses are offered in several colors, 
both transparent and translucent. 
4'ransistor Electronics Corp., Minne¬ 
apolis, Minn. 

Circle No. 322 on Inquiry Card 


Magnetic Tape Maintenance 

32-page booklet, entitled “Magnetic 
Tape Maintenance for Computer 
Managers” contains the following 
sections: “The Tape Management 
Program,” “The Technology of Tape 
Preventive Maintenance,” “The 
Tape Preventive Maintenance and 
Rehabilitation Process,” and “Why 
is Tape Preventive Maintenance 
Needed?” The text deals with tape 
problems faced by computer tape 
users and offers a defined program 
to reduce both operating cost and 
new tape procurements. General 
Kinetics Inc., Arlington, Va. 
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You’ll have countless opportunities 
for career growth 
as an IBM programmer 



Pictured above is the tape library for Gemini/Apollo missions showing taped data 
acquisition yv/iich could help you as a Programmer in IBM's Federal Systems Center. 


In the area of space exploration, IBM Programmers have 
written hundreds of instructions for the most sophistica¬ 
ted real-time systems in the world, for instance, guidance 
and on-board computers for Gemini spacecraft and 
Apollo launchings. 

As an IBM Programmer in the Federal Systems Divi¬ 
sion, you could become involved with some of the new 
ideas—new techniques —new systems—such as ballistic 
missile re-entry programs, communications traffic or sur¬ 
vivability programs. IBM Programmers decide the best 
rational approach to problems, specify necessary steps, 
and test results. There are countless opportunities for 
your career growth. 

If you’re a keen, logical Programmer who would like to 
have important space or defense experience, consider the 
openings now available at these IBM Federal Systems Di¬ 
vision locations: 

SPACE SYSTEMS CENTER, Bethesda, Maryland. Re- 
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sponsible for space vehicle programs at Huntsville, Ala¬ 
bama; Cape Kennedy, Florida; Los Angeles, California; 
and for space system design at its Washington Engineer¬ 
ing Laboratory. 

FEDERAL SYSTEMS CENTER, Gaithersburg, Mary¬ 
land (Washington metropolitan area). Responsible for 
command, intelligence, ground support, management in¬ 
formation and marine systems. 

FEDERAL SYSTEMS CENTER, Houston, Texas. Re¬ 
sponsible for design/development of data processing for 
manned space missions; scientific programming; opera¬ 
tional program development and systems integration and 
management. 

These are the Federal Systems Division’s primary re¬ 
sponsibilities. If you’d like to help us shoulder them, write 
to: Mr. J. F Ryan, Dept. UC7-H IBM Corporation, 18100 
Frederick Pike, Gaithersburg, Md. 20706, and line up an 
appointment today. 

® 

IBM 
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If you had your choice, 
what part or kind of a 

computer 

systems 

design 

would you really 
like to tackle? 

AtUNIVAC, we I ike to 
match your interests 
with our work. 

Take our tiny 1824. Or the king- 
size 667. Each has special jobs to 
do. Each is a large scale system 
project. Yet there are differences 
which appealed to the teams that 
made them. And those are only 
two of the top priority challenges 
that UNIVAC systems people have 
tackled and whipped lately. 

Your opportunity now is to join 
a Univac team and help design 
our new computers and their sys¬ 
tems. It's a big job with an even 
bigger future. We have people with 
know-how—who also know that 
no matter how good a computer 
system is, there is room for im¬ 
provement. 

We have a wide range of specific 
opportunities open in areas that 
may exactly match your interests. 
Take your pick from: 

• Aerospace Systems Design & 
Analysis 

• Advanced Development & Electrical 
Engineering in Memory and Data 
Technology 

• Scientific Programming/Analysis 

• I/O Systems Development 

• Computer Graphics and Display 

Opportunities are open to engineers with 
BS or MS degrees and 2-5 years experience. 

Write today and make an 
appointment with tomorrow 

Write 

R. K. PATTERSON 

Employment Manager, Dept. 116 

UIMIVAC 

DIVISION OF SPERRY RAND CORP. 

FEDERAL SYSTEMS DIUISIOIM 
2750 WEST SEX/EIUTH BLVD. 
ST. PAUL, MINNESOTA 55TT6 

An equal opportunity employer M/F 


LITERATURE 


Reed Relays 

Four types of sealed-contact reed 
relays, designed specifically for 
printed circuit boards, are described 
in an engineering bulletin. Com¬ 
plete electrical, environmental and 
mechanical characteristics for the 
following relay types are given: 
Type CRT — standard terminal reed 
relays; Type CRTN — narrow ter¬ 
minal reed relays; Type CHT — 
mercury-wetted reed relays; Type 
CRT — high voltage reed relays. 
Standard part numbers and coil 
characteristics for the various con¬ 
tact forms available are also in¬ 
cluded. The relays provide high 
switching capacity per package and 
ample switching speed in the low 
millisecond range for most indus¬ 
trial control systems. These switch¬ 
ing devices also provide isolated 
switching from low level to power 
ac to dc and are Insensitive to 
transient noise. C. P. Caire & Co., 
Chicago, III. 

Circle No. 310 on Inquiry Card 


Cathode-Ray Tube Guide 

A quick reference guide lists a com¬ 
plete line of military and industrial 
cathode-ray tubes for radar display, 
computer readout, and oscilloscope 
applications. The 12-page guide 
gives physical and electrical char¬ 
acteristics, including dimensions, 
typical operating conditions, and 
resolution capabilities. Tube types 
are categorized as electrostatic focus 
and deflection, magnetic deflection 
in round sizes from one to sixteen 
inches, magnetic deflection in rec¬ 
tangular sizes from eight to twenty- 
three inches, rugged tube-yoke- 
shield packages and tube and 
component assemblies. Typical pin 
connection diagrams are illustrated 
for 24 different basic electron gun 
types. Westinghouse Electronic Tube 
Div., Elmira, N. Y. 

Circle No. 326 on Inquiry Card 


Stepping Servomotors 

Two-page bulletin provides technical 
information on five 28-volt step¬ 
ping servomotors that have holding 
torques from 0.3 to 6.0 ounce-inches. 
There are descriptions of the charac¬ 
teristics of these 90-degree stepping 
servomotors and some typical appli¬ 
cations. The larger stepping servo¬ 
motors will step at rates of 125 pps, 
or better: the smallest model will 
step at rates of 230 pps. Slewing 
speed is 150 ])ps for the laigest and 
1400 pps for the smallest. These 
rates are attributable to the low iner¬ 
tia of the permanent-magnet rotor. 
Diehl Div., The Singer Co., Somer¬ 
ville, N.J. 

Circle No. 306 on Inquiry Card 

Electronic Counters 

A 6-page catalog covers a complete 
line of electronic solid-state counters 
and frequency instruments. It con¬ 
tains complete specifications and 
prices of solid-state counters, in¬ 
cluding counter-timers, bi-directional 
counters, variable time base counters, 
and pre-set counters. Over forty stan¬ 
dard and sp>ecial application counters 
are described. In the section devoted 
to frequency instruments are descrip¬ 
tions and prices on dc-to-frequency 
converters, frequency-to-dc convert¬ 
ers, frequency detecting switches, fre¬ 
quency meters, and frequency devia¬ 
tion meters. Anadex Instruments, 
Inc., Van Nuys, Cal. 

Circle No. 300 on Inquiry Card 

Electronic Calculator 

A new 10-page brochure describes 
an electronic printing calculator that 
offers expanded programming ca¬ 
pability — up to 42 steps — com¬ 
bined with a line-by-line printed 
record of all calculations, electronic 
speed, and simplicity of operation. 
The unit can 'learn"' complex mathe¬ 
matical routines and thereafter per¬ 
form them automatically as the 
operator enters variables. The bro¬ 
chure briefly explains design fea¬ 
tures and gives sample program 
instructions for solving quadratic 
equations and percent change prob¬ 
lems. AAonroe International, Inc., 
Orange, N. J. 

Circle No. 327 on Inquiry Card 
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Diode Matrix Applications 


Applications of monolithic diode 
matrices to EDP systems are de¬ 
scribed in a new 60-page manual 
“Diode Matrices-Technical Informa¬ 
tion and Applications.” Prepared as 
an aid to the systems designer, the 
manual explains the dielectric isola¬ 
tion principle and metalized fuse 
link interconnection technique as ap¬ 
plied to the integration of custom- 
patterned diode matrices. The man¬ 
ual provides detailed information on 
matrix configurations, electrical char¬ 
acteristics as well as applications, 
featuring matrices used with new 
low and high voltage monolithic in¬ 
terface circuits. Radiation Inc., Mel¬ 
bourne, f’lorida. 

Circle No. 315 on Inquiry Card 

1C Readouts 

Data sheet describes a complete line 
of transistor-controlled indicators and 
readouts designed to operate from 
typical integrated circuit logic levels. 
The indicators simplify design by 
providing lamp control logic within 
the indicator, eliminating the cost of 
designing, assembling, and testing 
external lamp control circuits. They 
offer integral, isolated switches, press- 
to-test feature, RFI shielding, and 
replaceable lamps. Information is 
also included on digital readout de¬ 
vices for integrated circuits. They 
are designed to operate from decimal 
input or from 4-wire 1,2,4,8 BCD in¬ 
put. Transistor Electronics Corp., 
Minneapolis, Minn. 

Circle No. 321 on Inquiry Card 

Plug-In Memory System 

A 4-page brochure describes a new 
controller that is a complete univer¬ 
sal plug-in memory system for use 
with almost any computer system. 
Operating in either serial or parallel 
mode, the unit features word trans¬ 
fer rates of from 50 microseconds per 
word to 900 nanoseconds per word, 
and can transfer information to and 
from two computer central proces¬ 
sors. The system is also supported 
by a comprehensive operating sub¬ 
routine package. Bryant Computer 
Products, Walled Lake, Mich. 

Circle No. 323 on Inquiry Card 


INFORMATION SYSTEMS 
SCIENTISTS AND ENGINEERS 



Bendix Research Laboratories has excellent career opportunities for B.S., M.S., and 
Ph.D. graduates with 2 to 15 years experience in one or more of the following key areas: 

• ARTIFICIAL INTELLIGENCE, pattern recog¬ 
nition, trainable systems, adaptive logic. 

• COHERENT OPTICAL PROCESSING, holo¬ 
graphy, spatial filtering, optical correlation, 
electro-optical systems. 

• DIGITAL AND ANALOG COMPUTERS, sys¬ 
tems analysis, logic and circuit design, real-time 
computer control. 

• AUTOMATIC CONTROLS, information theory, 
control theory, circuit and servo analysis, 
correlation techniques. 

• COMPUTER PROGRAMMING, mathematical 
analysis, scientific computing. 

Assignments involve research and development in automatic extraction of information 
from photographic records, image processing and analysis, adaptive and trainable 
control systems, digital and hybrid computing techniques, and advanced real-time 
computer control applications. 

Located in progressive suburban RAnrIilf ^ 

Detroit. Call collect or send resume Mesearcn _ 

to Research Laboratories, The LaDOratories 

Bendix Corporation, Southfield, 

Michigan (313) 353-3500. . 

o ^ ' An equal opportunity employer 

CIRCLE NO. 900 ON INQUIRY CARD 


Tape-To-Tape Equipment 

A new 12-page brochure describes 
how a paper tape-to-tape system 
transmits and receives data at speeds 
of 105 characters per second (1050 
words per minute). Used for a wide 
variety of high-speed data commu¬ 
nications applications, the equip¬ 
ment can transmit the paper tape 
output of Teletype ASR (automatic 
send-recdve) sets, self-contained 
paper tape punches, computers, and 
other business machines. Tape out¬ 
put of the receiver can be converted 
to page copy by other Teletype 
equipment, or can be used directly 
with computers and business ma¬ 
chines. The sets operate on any 5, 
6, 7, or 8-level code. Teletype Corp., 
Skokie, Ill. 

Circle No. 332 on Inquiry Card 


Wire/Cable Chart 

A new wall chart is said to have 
condensed all necessary data for 
the proper selection of interconnect¬ 
ing wire and cable used in process 
instrumentation. It contains two 
handy tables. One table classifies 
signal wire by application accord¬ 
ing to type of electrical signal, 
sensor, electrical noise, and receiv¬ 
ing element. The other table speci¬ 
fies the proper instrument wire for 
economically delivering a ''clean'' 
signal in each application. Types 
of electrical noise — static, mag¬ 
netic, common mode, and cross 
talk — are defined, and examples 
of relative noise levels in various 
environments are presented. Sam¬ 
uel AAoore & Co., Dekoron Div., 
Mantua, Ohio. 

Circle No. 316 on Inquiry Card 
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I now you can test 
24 parameters of a 
10-pin microcircuit 
in 2 minutes flat... 


with this new semi-automatic 1C anaiyzer 




Now even a non-technical operator can 
speed through comprehensive DC tests 
on all types of 1C packages with from 
2 to 40 pins. Test conditions are easily 
set up on the programming switches of 
MICA-150 and pushbutton sequencing 
of the test from pin-to-pin of a device is 
simple and fast with test results indi¬ 
cated by direct digital readout. On a 
typical 10-pin, 5-input gate circuit, as 
many as 24 parameters of the device 
can be checked within two minutes with¬ 
out changing a single crossbar switch. 


For additional information on applications of MICA-150 for DC 
or high frequency testing, contact W. Leo MeBlain, (609) 424-2400 


COMPUTER TEST CORPOR AT I O N 


CHERRY HILL, 



NEW JERSEY 
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Introducing the highly reliable 

Dartex 1020 incremental digital 
mag tape transport. 


Operating in either an asyn¬ 
chronous read/record mode at random 
rates up to 120 characters per second or 
in a continuous read/record mode of 
1600 characters per second, the new 
Dartex 1020 read/write transport fea¬ 
tures the ability to accept eight bit par¬ 
allel characters from various slow in¬ 
put devices for fast output. 

Using an advanced tape drive tech¬ 
nique, the 1020 features a single capstan 
that engages the tape constantly, thus 
wear to the tape and transport mech¬ 
anism is minimized. Capacity is up to 
240,000 characters on each reel of tape. 

The compact size of the low cost Dar¬ 
tex 1020 allows easy mounting into a 
console, rack mount, or desk top en¬ 
closure. Other features include gentle 
tape handling, precise control of tape 
motion, backspace and re-record, and a 
design which minimizes and simplifies 
maintenance. A broad line of interfaces 
is available—from basic tape transport 
through telephone line and typewriter 
options. 

Applications for the Dartex 1020 in¬ 
clude data transmission, data logging. 


numerical control of machine tools and 
graphic arts machines, low cost com¬ 
puter input/output, and auxiliary stor¬ 
age for digital displays. The develop¬ 
ment of the Dartex 1020 is just one more 
step in Tally’s plan to provide peripheral 
equipment using the right media at the 
right time for the right cost. 

For complete information, please 
write Tom Tracy, Tally Corporation, 
1310 Mercer Street, Seattle, Washington 


98109. Phone: (206) MA 4-0760. In 
Europe and the U.K., address Tally/ 
APT, Ltd., 6a George Street, Croydon, 
Surrey, England. Phone: MUN 6838. 

_ J TALLY' 
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’’See us at WESCON Booth 2609’’ 














